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TRANSMISSION OF POWER. 


THE MULTIPHASE OR POLYPHASE SYSTEM. 


Tesla Patents. 

There are to-day thousands of waterfalls with millions of horse 
power of energy going to waste for lack of economical means of 
transporting such power to places of use. 

Each horse power of work for ten hours for each working day 
requires, through a steam engine, about six tons of coal per annum, 
so that the development and utilization of these inexhaustible 
sources of power will be equivalent to the saving of millions of tons 
of coal each year, and will thus assist in solving the problem of 
conserving our enormous, but exhaustible, fuel supply. 

The means for transporting this power and delivering it in suit- 
able form for commercial uses is found in recent applications of 
electricity. Through the developments already made, electric 
energy is now available for lighting, for the distribution of power 
and for heating. The wide extent of its successful application to 
lighting, and the distribution of power are familiar to every one, and 
its utilization in heating bids fair to make this method a formidable 
rival of coal in the vicinity of water powers. 

The introduction of successful methods of utilizing these natural 
sources of power will not only meet the present demands of cities 
within a suitable radius, but it may be safely predicted that there will 
be a rapid building up of industries in such localities, and a conse- 
quent shifting of centers of population, with also a development of 
industries which have heretofore lain dormant on account of the 
cost of power. 

When the Westinghouse Electric Company was formed, foreseeing 
that by alternating currents only could electrical energy be trans- 
mitted over long distances, we made the alternating system a 
specialty, and to that end secured the Gaulard and Gibbs inventions, 
and many other fundamental ones bearing on this important field, 
which field had theretofore been considered unworthy of more than 



IV 


experimental attention. Prior to onr operations the alternating 
system had been emphatically condemned as uncommercial by the 
most eminent engineers of the world, almost without exception ; 
but, in the face of unusual opposition, we succeeded in rapidly 
introducing a comprehensive system for lighting, which not only 
proved a successful competitor of other systems, but by its flexibility 
and adaptation to great distances, has opened up and developed 
extensive fields which could not otherwise have been occupied. The 
success of alternating current for lighting led us to seek a solution 
of the problem of distributing power by the same currents. 

In the course of our investigations into the subject of power 
transmission we came upon the inventions of Mr. Nikola Tesla, now 
so w'ell known for his remarkable achievements, and recognizing 
the value and originality of his discoveries, and the fundamental 
character of his patents, at once secured the exclusive right to 
manufacture and sell apparatus covered by these patents, with a 
right to any further inventions Mr. Tesla might make relating 
thereto. We thereupon immediately began to develop and determine 
the best forms of apparatus required to solve the problem of power 
transmission, and we have during the past five years worked 
unceasingly, and at very great expense, with the result that we are 
now able to undertake the manufacture of apparatus to meet any 
case that may be presented to us. 

The system we offer is an alternating-current one, now known as 
the “ Multiphase ” or “ Polyphase System,” which is the original 
discovery of Mr. Tesla, and is so fully covered by his patents that 
we deem it a duty to those contemplating the use of such apparatus 
to direct their attention to a selection of Mr. Tesla’s patents 
presented herewith. It is worthy of especial note that the originality 
of Mr. Tesla’s discoveries has not been disputed by any manu- 
facturer of electrical power transmitting apparatus. 

Westtnghouse Electric <fc Manufacturing Co. 


Pittsburgh, Pa., January 16th, 1893. 
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United States Patent Office. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR OF ONE-HALF TO CHARLES 
F. PECK, OF ENGLEWOOD, NEW JERSEY. 

ELECTRO- MAGNETIC MOTOR. 


SPECIFICATION forming part of Lotto** Potent No. 381,968, doted May 1, 1888. 

Application lid October IS, lltT. Serial No. 838, 138. (NovofeM 

To all whom it may concern* the system I prefer to connect the motor-dr- 

Be it known that J, Nikola Tesla, from cuiU directly with those of a suitable alter- 
Smiljan Lika, border cou ntry of Austria-Ho n- Date- current generator. The practical results 
gary, reeiding.al New York, N. Y., have in- of snob a system, its economical advantages, 

5 vented certain new and useful Improvements and the mode of its construction and opera- 55 
in Electro- Magnetic Motors, of which the fol- tion will be described more in detail by ref- 
lowing is a specification, reference being bad crence to the accompanying diagrams and 
to the drawings accompanying and forming a drawings. 

pa$ of the same. Figures 1 to 8 and 1 * to 8*, inclusive, are dia- 

10 The practical solution of the problem of the grams illustrating the principle of the action 6c 
electrical conversion and transmission of me- of iny invention. The remaining figures are 
chanical energy involves certain requirements views of the apparatus in various forms by 
which the apparatus and systems heretofore means of which the invention may bo carried 
employed have hot been capable of fulfilling, into effect, and which will be described in 
15 Such a solution, primarily, demands a uni- their order. 65 

fortuity of speed iu the motor irrespective of Referring first to Fig. 9, which is a diagram- 
its load within its normal working limits. On matic representation of a motor, a generator, 
the other baud, it is necessary, to attain a and connecting-circuits in accordance with my 
greater economy of conversion than has here- invention, M is the motor, and G the gener- 
20 tofore existed, to construct cheaper and more ator for driving it. The motor comprises a 70 
reliable and simple apparatus, and, lastly, the ring or annulus, R, preferably built up of 
apparatus must he capable of easy manage- thin insulated iron rings or annular plates, so 
meat, and sncli that all danger from the use of as to be as susceptible as possible to variations 
currents of high tension, which are neoea- in its magnetic condition. This ring is sur- . 

25 sary to an economical transmission, may be rounded by four coils of insulated wire sym- 75 
avoided. metrically placed, and designated by G 0 (7 O'. 

My present invention is directed to the pro- The dlametrfcally-opposite coils are connected 
Auction and improvement of apparatus caps- np so as to 00- operate in. pairs in producing 
ble of more nearly meeting these requirements free poles on diametrieatly-opposite parts of 
30 than those heretofore available, and though I the ring. The four free ends thus left are eon- .80 
have described various means for the purpose, nested to terminals T T T' T, as indicated, 
thqy involve the same main principles of eon- Near the ring, and preferably inside of it, there 
fraction and mode of operation, which may be la mounted on an axis or shaft, a, a magnetic 
described as follows: A motor is employed in disk, D, generally circular in shape, but hav- 
35 which there are two or more independent cir- ing two segments cut away, as shown. This 85 
cults through which alternate currents are disk Is mounted so as to turn freely within tho 
passed at proper iotervals,in thp manner here* ring R. The generator G is of any ordinary 
ioafter described, for the purpose of effecting type, that shown in the present instance hav- 
a progressive shifting of the magnetism or of ing. field-magnets N S and a cylindrical arma- 
40 the M lines ef force” in accordance with the turecore, A, wound with the two coils B B\ 90 
well-known theory, and. a consequent action The free finds of each coil are carried through 
of the motor. It is obvious that a proper the shaft o' and connected, respectively, tom- 
progreasive shifting of the lines of foroe may sulated contact- rings b bV b\ Any conven- 
be utilized to set up a movement or rotation lent form of collector or brush bears on each 
43 of either element of the motor, the armature, ring and forms a terminal by which the cur- 95 
or the field-magnet, and that if the currents rent to and from a ring Is conveyed. These 
directed through the several circuits of the terminals are connected to the terminals of 
motor are in the proper direction no comma- the motor by the wires L find V in the man-, 
tutor for the motor will be required; but to ner indicated, whereby two complete circuits 
50 avoids!! the usual oommutating appliances in are formed— one including, say, the coils B of 100 
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the generator C C of the motor, and the other 
the remaining coils B' and G C of the generator 
and the motor. 

It remains now to expT&fo the mode of op- 
5 eration of this system, and for this purpose I 
refer to the diagrams, Figs. 1 to 8, and 1* to 8*, 
for an illustration of the various phases through 
which the coils of the generator pass when in 
operation, and the corresponding and result- 
o ant magnetic changes produced in the motor.. 
The revolution of the armature of the gener- 
*ator between the field -magnets N S obviously 
produces in the coils B W alternating currents, 
the intensity and direction of which depend 
$ dpon well-known laws. In the position of the 
. coils indicated in Fig. 1 the current in the 
coil B is practically nif, whereas the coil S' at 
the same time is developing its maximum cur- 
rent, and by the means indicated in the de- 
so Bcription of Fig., 9 the circuit including this 
(foil B' may also include, say, the coils C 0 of 
the motor, Fig. 1‘- The result, with the proper 
connections, would be the magnetization of 
the ring B', the poles being on the line N S. 
45 The same order of connections being observed 
between the coil B and the coils O', the latter, 
when traversed by a current, tend to fix the 
poles at right angles to the line N S of Fig. 1*. 
It results, therefore, that when the generator- 
30 coils have made one eighth of a revolution, 
reaching the position show n in Fig. 2 , both 
pairs of coils C and O' will be traversed by 
enrrents and act in opposition, in so far as the 
location of the poles is concerned. The posi 
15 lion of the poles will therefore be the result- 
ant of the magnetizing forces of the coils— that 
is to say, it will advance along the ring to a 
position corresponding to one-eighth of the 
revolution of the armature of the generator. 
|o In Fig. 3 the armature of the generator has 
progressed to one quarter of a revolution. At 
the point indicated the current in the coil B 
is maximum, while in B' it is nil, the latter 
coil being in its neutral position. The poles 
15 of the ring B in Fig. 3 * will, in' consequence, 
be shifted to a position ninety degrees from 
that at the start, as shown. I have in like 
manner showntho conditions existing at each 
successive eighth of one revolution in the re- 
50 maining. figures. A short reference to these 
figures will suffice for an understanding of their 
significance. Figs. 4 and 4 s illust rate the con- 
ditions which exist when the generator-arma- 
ture has completed three eighths of a revolu 
55 tion. Here both coils are generating current; 
but the coil B', having now entered the oppo- 
site field, is generating a current in the oppo- 
site direction, having the opposite magnetiz- 
ing effect: hence the resultant pole will be on 
5 o the. line If 8, as shown. J n Fig. 5 one-half of 
one revolution of the armature of the gener- 
ator has been completed, and the. resulting 
magnetic conditiop of the riug is shown in Fig. 
5 s . In this phase coil B is in the neutral posi- 
55 tion while coil B' is generating its maximum 
current, which is in the same direction as iu 
Fig. 4 . The poles will consequently be shifted 


through one half of tbo ring. In Fig. 6 the ar- 
mature has completed five-eighthB of a revolu- 
tion. In this position coil B' develops a less 70 
powerful current, but in the same direction as 
before. The coil B, on the other hand, having 
entered a field of opposite polarity, generates 
a current of opposite direction. The rcsnltant 
poles wilt therefore bfc iu the line N S, Fig. 6 B , 75 
or, in other words, the poles of the ring will 
be shifted along five-eighths of its periphery. 

Figs. 7 and 7 * in the same manner illustrate 
the phases of the generator and ring at three- 
quarters of a revolution, and Figs. 8 and 8* 80 
the same at seven-eighths of a revolution of 
the generator-armature. These figures will 
be readily understood from the foregoing. 
When a complete revolution is accomplished, 
the conditions existing at the start are re-es- 85 
tablished and the same action is repeated for 
the next and all subsequent revolutions, and, 
in general, It will now lie seen that every revo- 
lution of the armature of the generator pro- 
duces a corresponding shifting of the poles or 90 
lines of force aronnd the ring. This effect I 
utilize in producing the rotation of a body or 
armature in a variety of ways — for example, 
applying the principle above described to the 
apparatus shown in Fig. 9 . The disk D, ow- 95 
ing to its tendency to assume that position in 
which it embraces the greatest possible num- 
ber of the magnetic lines, is set in rotation, 
following the ihotion of the lines ortho points 
of greatest attraction. 100 

The disk D in Fig. 9 is shown as cut away 
on opposite sides; but this, I have found, is not 
essential to effecting its rotation, as a circular 
disk, as indicated by dotted lines, is also set 
in rotation. This phenomenon I attribute to 105 
a certain inertia or resistance inherent in the 
metal to the rapid shifting of the line? of force 
through the same, which results in a continu- 
ous tangential pull upon the disk, causing its 
rotation. This seems to be confirmed by the 1 to 
fact that a circular disk of steel is more effect 
ively rotated than one of soft iron, for the rea- 
son that the former is assumed to possess a 
greater resistance to the shifting of the mag- 
netic lines. 115 

In illnstratiou of other forms of my inven- 
tion, I shall now describe the remaining figured 
of the drawings. 

Fig. 10 is a view in elevation and part ver- 
tical section Of a motor. Fig. 12 is a top View ieo 
of the same with the field in section and a dia- 
gram of connections.. Fig. 11 is an end o^ 
side view of a generator with the fields iu sec- 
tion. Tills form of motor may be used in placo 
of that shown above. D is a cylindrical or 125 
drum-armatnre core, which, for obvious rea- 
sons, should be split up as far as practicable to 
prevent the circulation within it of currents 
of induction. The core is wouud longitudi- 
nally with two coils, Eand E', the ends of which 1 30 
are respectively connected to insulated con- 
tact-rings ddd' (Y, carried by the shaft a, upon 
which the armature is mounted. The arms 
ture is set to revolve within an iron shell, B 
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which constitutes the field-magnet, ofr other 
stotnent of the motor. This shell is preferably 
formed with a slot or opening, r, but it may 
be continuous, as shown by the dotted lines, 

5 end in thisevent it is preferably made of steel. 

* It is also desirable that this shell should, be 
divided up similarly to the armature and for 
similar reasons. As a generator for driving 
this motor 1 may use the device shown in Fig. 
o 11. This represents an annular or ring arma- 
ture, A, surrounded by four coils, FFFF, of 
which those diametrically opposite are con- 
nected in series, so that four free ends are left, 
which are connected to the insulated contact- 
5 rings bbb' b\ The ring is suitably mounted 
on a shaft, o', between the poles N S. The 
contact-rings of each pair of generator- coils 
are connected to these of the motor, respect- 
ively, by means of contact-brushes and the 
o two pairs of conductors L L rfnd U L\ as in- 
dicated diagram matically in Fig. 12. Now it 
is obvious from a consideration of the preced- 
ing figures that the rotation of the generator- 
ring prod uces cur rents in the coils F F, which, 
£ being transmitted to the motor-coils, impart to 
the core of the latter magnetic poles constantly 
shifting or whirling around the core. This 
effect sets up a rotation of the armature ow- 
ing to the attractive force between the shell 
go and the poles of the armature, bnt inasmuch 
as the coils in this case move relative to the 
shell or field -magnet the movement of the 
coils is in the opposite direction to the pro- 
gressive shifting of the poles. 

35 Other arrangements of the coils of both gen- 
erator and motor are possible, and a greater 
number of circuits may be used, as will be seen 
in the two sncceediug figures. 

Fig. 13 is a diagrammatic illustration of a 
40 motor and a generator constructed and con- 
nected in accordance with iny invention. Fig. 
14 is an end view of the generator with its 
field- magnets in section. The field of the mo- 
tor M is produced by six magnetic poles, G' G', 
45 secured to or projecting from a ring or frame, 
H. These magnets or poles are wound with 
insulated coils, those diametrically opposite 
to each other being connected in pairs so as to 
produce opposite poles in each pair. This 
leaves six free ends, which are connected to 
the terminals-T TT'T'T" T". The armature, 
which is mounted to rotate' between the poles, 
is a cylinder or disk, D, of wrought- iron, 
mounted ou the shaft a. Two segments of 
55 the same are cut away, as shown. The gen- 
erator for this motor has in this instance 
an armature, A, wound with three coils, K 
K' K", at sixty degrees apart. The ends of 
these coils are connected, respectively, to in- 
60 striated contact- rings e e e' ef.e" e". These 
rings are connected to those of the motor in 
proper order by means of collecting-brushes 
and six wires, forming three independent cir- 
cuits. The variations in the strength and di- 
65.rectiou of the currents transmitted through 
these circuits and traversing the coils of the 
motor produce a steadily-progressive shifting 


of the resultant attractive force exerted by 
the poles G' upon the armature D, and conse- 
quently keep the armature rapidly rotating. 70 
The peculiar advantage of this disposition is 
in obtaining a more concentrated and power- 
ful field. The application of this principle to 
systems involving multiple circuits generally 
will be understood from this apparatus. 75 

Referring, now, to Figs. 15 and 16, Fig. 15 
is a diagrammatic representation of a modifi- 
fied disposition of my invention. Fig. 16 is a 
horizontal cross section of the motor. In this 
case a disk, D, of magnetic metal, preferably 80 
cut away at opposite edges, as shown in dot- 
ted lines in Fig. 15, is mounted so as to turn 
freely inside two stationary coils, N' N", placed 
at right angles to oue another. The coils are 
preferably wound on a frame, O, of insulating 85 
material, and their ends are connected to the 
fixed terminals T T T"T. The generator G is 
a representative of that class of alternating- 
cu rrent mach i nes i n which a stationary i nduced 
element is employed. That shown consists of 90 
a revolving permanent or electro magnet, A, 
and four independent stationary magnets, P 
F, wound with coils, those diametrfcaliy op- 
posite to each other being connected in series 
and having their ends second to the termi- 95 
nals t t t' 1 \ From these terminals the cur- 
rents are led to the terminals of the motor, as 
shown in the drawings.* The mode of opera- 
tion is substantially the same as in the previ- 
ous cases, the currents traversing the coils of 100 
the motor having the effect to turn the disk 
D. This mode of carrying out the invention 
has the advantage of dispensing with the slid- 
ing contacts in the system. 

In the forms of motor above described only 105 
orfe of the elements, the armature or tho field - 
magnet, is provided with energizing-coils. It 
remains, then, to show how both elements may 
be wound with coils. Reference is therefore 
had to Figs. 17, 18, and 19. Fig. 17 is an end 1 10 
view of such a motor. Fig. 18 is a similar 
view of the generator with the field-magnets 
in section, and Fig. 19 is a diagram of the cir- 
cuit-connections. I11 Fig. 17 the field-magnet 
of the motor consists of a ring, R, preferably of 1 1 5 
thin insulated iron sheets or bands with eight 
pole pieces, Q', and corresponding recesses, in 
which four pairs of coils, V, are wound. The 
diametrically opposite pairs of coils are con- 
nected i n serieft and the free ends connected to 1 20 
fonr terminals, to, the rule to be followed iu 
connecting being the same as hereinbefore ex- 
plained. An armature, D, with two coils, E F, 
at right angles to each other, is mounted to ro- 
tate in side of the field-magnet R. The ends of ( 25 
the armature-coils are connected to two pairs 
of contact- rings, d d cT, Fig. 19. The gener- 
ator lor this motor may be of any suitable kind 
to produce currents of the desired character. 

In the present instance it consists of a field- 130 
magnet, N 8, and an armature, A, with two 
coils at right angles, the ends of which are con- 
nected to four contact-rings, bbb' 5', carried* 
by its shaft. The circuit-connections are Cl 
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tablished between the rings on the generator- 
shaft and those on the motor-shaft by collect- 
ing brashes and wires, as previously explained. 
In order to properly energise the field -magnet 
5 of the motor, however, the connections are so 
made with the armatnre coils or wires leading 
thereto that while the points of greatest at-, 
traction or greatest density of magnetic lines . 
of force upon the armatnre are shifted in one 
io direction those upon the field- magnet are made 
to progress in an opposite direction. In other 
respects the operation is Identically the same 
as in. the other cases cited. This arrangement 
resalts in an increased speed of rotation. In 
15 Figs. 17 and 19 , for example, the terminals of 
each set of field-coils are connected with the 
wires to the two armatn re coils in snch way 
that the field-coils will maintain opposite poles 
in advance of the poles of the armatnre. 

* q In the drawings the field coils are in shonts 

to the armature, bat they may be in series or 
in independent circuits. 

It is obvious that the same principle may be 
applied to the various typical forms of motor 
25 hereinbefore described. 

Having now described the nature of my in- 
vention and some of the various ways in which 
it is or may be carried into effect, I would call 
attention to certain characteristics which the 
50 applications of the invention possess and the 
advantages which the invention secures. 

In my motor, considering for convenience 
that represented in Fig. 9 , it will be observed 
(hat since the disk D has a tendency to follow 
35 continuously the points of greatest attraction, 
and since these points are shifted around the 
ring once for each revolution of the armature 
of the generator, it follows that the movement 
of the disk D will be synchronous with that of 
40 the armature A. This feature by practical 
demonstrations I have found to exist in all 
other forms in which one revolution of the 
armature of the generator produces a shifting 
of the poles of the motor throngh three huu- 
45 dred and sixty degrees. 

In the particular construction shown in Fig. 
15 ,or in others constructed ou a similar plan, 
the number of alternating impulses resulting 
from one revolution of the generator arma- 
50 lure is double as compared with the preced- 
ing eases, aud the polarities in tho motor are 
-shifted around twice by one revolution of the 
generator-armature. The speed of the motor 
will, therefore, be twice that of the generator. 
55 The same result is evidently obtained by such 
a disposition as that shown in Fig;. 17 , where 
the poles of both elements arc shifted io op* 
polite directions. 

Again, considering the apparatus illustrated 
fo by Fig. 9 as typical of the invention, it is ob- 
vious that since the attractive effect upon the 
disk 1> is greatest when the disk is iu Its 
proper relative position to the poles devel- 
oped in the' ring R — that is to say, when its 
65 ends or poles immediately follow those of the 
ring — the speed of the motor for all the loads 
within the normal working limits of the mo- 


tor will be praotically constant. It is dearly 
apparent that the speed ean never exceed the 
arbitrary limit as determined by the gener- 70 
ator, and also that within certain limits at 
least the speed of the motor will be Independ- 
ent of the &reDgth of the current. 

It will now be more readily seen from the 
above description how far the requirements of 73 
a practical system of electrical transmission 
of power are realized in my invention. I se- 
cure, first, a uniform speed under all loads 
within the normal workiug limits of the mo- 
tor without the use of any auxiliary regulator; 80 
second, synchronism between the motor and 
generator; third, greater efficiency by the 
more direct application of the current, no 
commutating devices being required on either 
the motor or generator: fourth, cheapness and 83 
simplicity of mechanical construction and 
economy in maintenance; fifth, the capability 
of being very easily managed or controlled; 
and, sixth, diminution of danger from iqjnry Jo 
persons and apparatus. 90 

These motors may be run io series, multiple 
arc or multiple series, under conditions well 
understood by those skilled in the art. 

The means or devices for carrying out the 
principle may be varied to a far greater ex- 05 
tent than I have been able to iudicate; but I c 
regard as within my invention, and I desire to 
secure by Letters Patent in general, motors 
containing two or more independent circuits 
through which the operating-currents are led ico 
iu the manner described. By “ independent” 

I do not mean to imply that the circuits are 
necessarily isolated from one another, for in 
some instances there might be electrical con- 
nections between them to regulate or modify 105 
the action of the motor without necessarily 
producing a new or different action. 

I am aware that the rotation of the arma- 
ture of a motor wound with two energizing- 
coils at right angles to eaoh other has been 1 10 
effected by an intermittent shifting of the en- 
ergizing effect of both coils throngh which a 
direct current by means of mechanical de- 
vices has been transmitted in alternately-op- 
posite directions; but this method or plan Ire- 115 
gard as absolutely impracticable for the pur* 
poses for which my invention is designed — at 
least on any extended scale — for the reasons, 
mainly, that a'grcftt waste of energy is neces- 
sarily involved unless the number of cnergiz- 120 
ing-circnits is very great, and that the inter- 
ruption and reversal of a current of any con- 
siderable strength by means of any known 
mechanical devices is a matter of the greatest 
difficulty and expense. 125 

In this application Ido hot claim the method 
of operating motors which is herein involved, 
having made separate application for snob 
method. 

I therefore claim the following: 130 

1. The combination, with a motor contain- 
ing separate or independent circnitB on the 
armatnre or field -magnet,*^ both, of an alter- 
nating- current generator containing indnoed 
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circuits connected independently to corre- 
sponding circuits in the motor, whereby a ro-. 
tation of the generator produces a progressive 
shifting of the poles or the motor, as herein 
S described. 

2 . In a system for the electrical transmis- 
sion of power, the combination of a motor pro- 
vided with two or more independent magnet- 
izing-coils and an alternating-current gener- 

io ator containing induced coils corresponding to 
the motor-coils, and circnits connecting di- 
rectly the motor and generator coils in such 
order that the currents developed by the gen- 
erator will be passed- throngh the correspond- 
15 ing motor-coils, and thereby produce a pro- 
gressive shifting of the poles of the motor, as 
herein set forth. 

3 . The combination, with a motor having 
an annular or ring-shaped field magnet and a 

20 cylindrical or equivalent armatnre, and inde- 
pendent coils on the field -magnet or armatnre, 
or both, of an alternating current generator 
having correspondingly independent coils, 
and circuits including the generator coils and 
25 corresponding motor coils in such mannerthat 


the rotation of the generator causes a pro- 
gressive shifting of the polce of the motor in 
the manner set forth. 

4. In a system for the electrical transmis- 
sion of power, the combination of the follow- 30 
ing instrumentalities, to wit: a motor com- 
posed of a disk or its equivalent mounted 
within a ring or annular field-magnet, which 
is provided with magnetizing-coils connected 
in diametrically-opposite pairs or gronps to 3s 
independent terminals, a generator having in- 
duced coils or groups of coils equal in number 
to the pairs or groups of motor-coils, and cir- 
cuits connecting the terminals of said coils to 
the terminals of the motor, respectively, and 40 
in such order that the rotation of the gener- 
ator and the consequent production of alter- 
nating on rrents in the respective circuits pro- 
dueep a progressive shifting of the poles of the 
motor, as hereinbefore described. 

NIKOLA. TESLA. 

Witnesses: 

Frank E. Hartley, 

Frank B. Murphy. 
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To all ivTtom it may concern: 

Be it known that I, Nikola Tesla, from 
Smiljan Lika, border country of Ajietrift-Hun- 
gary,now residing in New York, in the county 
5 and State of New York, have invented certain 
new aud useful Improvements in Electro-Mag- 
netic Motors, of which the following is a speci- 
fication, reference being had to the drawings 
accompanying and forming apart of the same. 
o Iji an application filed by me October 12, 
1887, No. 252, 132, 1 have shown and described 
a novel form of electro- magnetic motor apd a 
inode of operating the same, which may be 
generally described as follows: The motor is 
5 wound with coils forming independent ener- 
gising-circuits on either the armature or field 
magnet, or both, (it issuflicient for present pur- 
poses to consider the case in which the coils 
are on the armature alone,) and these coils are 
3 connected up with corresponding circuits ou 
an alternating current generator. As the re- 
sult of this, currents of alternately -opposite 
direction are sent through the energizing-coils 
of the motor in sneb mauuer as to produce a 
5 progressive shifting or rotation of the mag- 
iietic poles of the armature. This movement 
of the poles of the armature obvionsly tends 
to rotate the armature id the opposite direc- 
tion to that in which tho movement of the poles 
o takes place, owing to the attractive force be- 
tween said poles and the field-magnets,and the 
speed of rotation increases from the start un- 
til it equuls that of the generator, supposing 
both motor and generator to be alike. 

15 As the poles of the armature are shifted in 
a direction opposite to that in which the arma- 
ture rotates, it will be apparent that when the 
normal -speed is attained the poles of the 
a nrmnture will assume a fixed position relative 
(O "to the field-magnet, and that in consequence 
the field -maguets will bo energized by mag- 
netic induction, exhibiting two distinct poles, 
one in each of tho pole-pieces. In starting 
the motor, however, tho speed of tho arma- 
15 tore being comparatively wow, the pole-pieces 
are subjected to rapid reversals or magnetio 
polarity: but as tho speed increases these re- 
versals become less and . less frequent* and 
finally cense when the movement of the arma- 
jo tore become synchronous with that of the gen- 


erator. This being the case, the field-cores and 
the pole-pieces of the motor become a mag- 
net, bnt by induction only. 

I have found that advantageous results are 
secured by winding the field-magnets with a 55 
coil or coils and passing a continuous current 
through them, thus maintaining a permanent 
field, and in this feature my present inventioa 
consists. 

I shall now describe the apparatus which I 60 
have devised for carrying out this invention 
and explain the mode or using or operating 
the same. 

Figure I is an end view in elevation of my 
improved motor. Fig. 2 is a part horizontal 65 
central section, and Fig. 3 is a diagrammatic 
representation of the motor and generator 
combined and connected for operation. 

Let A A in Fig. I represent the legs or pole 
pieces of a field -magnet, around which are 70 
coils B B, included in the circuit of a contin- 
nons-curreht generator, G, which is adapted 
to impart; magnetism to the said poles in tbi 
ordinary manner. 

D D' are two independent coils wonnd upon 75 
a suitable cylindrical or equivalent armature- 
core, which, like all others used in a similar 
manner, should be split or divided up into al- 
ternate magnetic and insulating parts in the 
usual way. This armature is mounted in non- 80 
magnetic cross-bars E E, secured to the poles 
of the field -roagnot. The terminals of the ar- 
mature-coils D D' are connected to insulated 
sliding contact-rings a a b b , carried by the ar- 
mature shaft, and brushes c € bear upon these 85 
rings to convey to the coils the currents which 
operate the motor. 

The generator for operating this motor is or 
may l>e of precisely identical construction: 
and for convenience of reference 1 have marked 90 
ip Fig. 3 its parts, as follows: F F, the field- 
magnets, energized by a continuous current 
passing in its field-coils OG; H II', the coils 
carried by the cylindrical armature; d dee, 
the friction or collecting rings, carried by the 95 
arnmtnre-shalt and forming the terminals of 
-the armatnre-eolls; and / the collecting- 
brashes which deliver the currents developed 
in the nrmatnn: <-•< ; s to the two dreaits g <f, 
which connee: : . ^euerators with the motor. 100 
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The oporation o f this system will be under- 
Stood from the foregoing. The notion of the 
generator, bycauaing a progressive shilling of 
ft® poles in the motor armature, sets up in the 
alter a rotation opposite in direotion to that 
in which the poles move. If, now, the continu- 
ant current be direoted, through the field coils, 
m at to strongly euergize the magnet A A, the 
need of the motor, which depends upon that 
oc the generator, will not beinoreased, but the 
power which prodaces its rotation will be in- 
treated in proportion to the energy supplied 
through the ooils B B. 

It It characteristic of this motor that its di- 
rection of rotation is not reversed by revers- 
ing the direction of the enrrent through its 
field-coils, for the direction of rotation de- 
pends not upon the polarity of the field, bat 
upon the direction in which the poles of the 
armature are Bhifted. To reverse the motor, 
the eonnections of either of the circuits g 
must be reversed. 

t have found that if the field-magnet of the 
•rotor be strongly energized by its coils B B 
and the circuits through the armaturecoils 
closed, assuming the generator to be running 
at a certain speed, the motor will not start; 
iJLt if the field be but slightly energized or in 
general in such condition that the magnetic 
lafiaence of the armature preponderates in 
determining its magnetic condition the motor 
will start and, with sufficient current, will 
reach its maximum or normal speed. For this 
reason it is desirable to keep at the start and 
until the motor has attained its normal speed, 
or nearly so, tbe field circuit open or to per- 
mit but little current to pass through it I 
have found, however, if the fields of both the 
generator and motor be 'strongly energized 
that starting the generator starts the motor, 
find that the speed of the motor is increased 


in synchronism with the generator. Motors 
constructed and operated on this principle 
maintain almost absolutely the same speed for 
all loads within their normal working-limits; 45 
and in practice I have observed that if the 
motor be overloaded to such an extent as to 
check its speed the speed of the generator, if 
its motive power be not too great is dimin- 
ished synchronously with that of the motor. 50 
I have in other applications shown how the 
construction of these or similar motors may 
be varied in certain well-known -ways — as, for 
instance, by rotating the field about a station- 
ary armature or rotating conductors .within 55 
the field; bat I do not illustrate these features 
farther herein, as with the illustration which 
I have given I regard the rest as within the 
power of a person skilled in the art to con- 
struct. 60 

The present form of motor is cheap, simple, 
reliable, and easy to maintain. It reqnires 
the aimplest type of generator for its opera- 
tion, and when properly constructed shows a 
high efficiency. 65 

I do not claim herein the method of trans- 
mitting power which this system involves, 
having made it the subject of another appli- 
cation for patent. 

What I claim is^~- 70 

The combination, with a motor having in- 
dependent energizing or armature circuits, of 
an alternating-current generator with corre- 
sponding induced circuits connected with the 
motor for effecting a progressive shilling of 75 
the poles of the motor armature, and a source 
of continuous current for energising the field 
of said motor, as set forth. 

NIKOLA TESLA. 

Witnesses: 

Frank b. Murphy, * 

Frank E. Hartley. 
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To all whom it may concern: various forms of electro -dynamic induction- 50 

Be it known that I, Nikola Tesla, from machines, including the oombined motors and 
Smijjaii Lika, border country of Austria-Hun- generators, have been devised. For instance, 
gary, now residing at New York, in the county a motor is constructed i n accordance with well* 

5 and State of New York, have invented certain understood principles, and on the same arma- 
new and useful Improvements in Systems of ture are wound induced coils which constitute 55 
Electrical Distribution, of which the following a generator. The motor-coils are generally of 
is a specification, reference being had to the fine wire and the generator-coils of eoarser 
drawings accompanying and forming a part of wire, so as to produce a current of greater 
10 the same. quantity and lower potential tbaii the line our- 

This invention relates to those systems of rent, which is of relatively high potential, to 60 
electrical distribution in which a current from avoid loss in long transmission. A similar ar- 
a single source of supply in a main or trans- rangement is to wind coils corresponding to 
mitting circuit is caused to induce by means those described in a 'ring or similar core, and 
15 of suitable induction apparatus a current or by means of a commutator of suitable kind to 
currents in an independent working circuit or dlredt the current through the inducing-coils 65 
circuits. successively, so as to maintain a movement of 

The main objects of the invention are the the poles of the core and of the lines of force . 
same as have been heretofore obtained by the which set up the currents in the induced coils. 

20 use of these systems— viz., to divide the cur- Without enumerating the objections to these 
rent from a single source, whereby a number systems in detail, it will suffice to say that the 70 
of lamps, motors, or other translating devices theory or the principle of the action or opera- 
may be independently controlled and operated tion of these aevioes has apparently been so 
by the same source of current, rfnd in some little understood that their proper construo- 
25 eases to reduce a current of high potential in tion and use have up to the present time been 
the main circuit to one of greater quantity and attended with various difficulties and great 75 
lower potential in the independent consump- expense. The transformers are very liable to 
tion or working circuit or circuits. be injured and burned out, and the means re- 

The general character of the devices cm- sorted to for curing this and other defects 
30 ployed in these systems is now well under- have almost invariably been at the expense of 
stood. An alternating-current magneto-ma- efficiency. 80 

chine is used as the source of supply. The cur- The form of converter or transformer which 
rent developed thereby is conducted through I have devised appears to be largely free from 
a transmission -circuit to one or more distant the defects and objections to which I have al- 
35 points at which the transformers are located, loded. While I do not herein advance any 
These consist of induction-machines of various theory as to its mode of operation, I would 85 
kinds. In some cases ordinary forms of indue- state that, in so for as the principal of con- 
tkm-coil have been used with one coil in the stroction is concerned, it is analogous to those 
transmitting -circuit and the other in a local transformers which I have above described as 
40 or consumption circuit, the coils being differ- electro - dynamic induction - machines, except 
ently proportioned according to the work to that it involves no moving parts whatever, and 90 
be done in the consumption-circuit— that is is hence not liable to wear or other derange- 
to say, if the work requires a current of higher meat, and requires no more attention than the 
potential than that in the transmission circuit other and more common indnetion-maebines. 

45 the secondary or induced coil is of greater In carrying out my invention I provide 8 
length and resistance than the primary, while, series of indnciog-coils and corresponding in- 05 
on the other hand, if a qnantity current, of duced coils, which, by preference, I wind upon 
lower potential is wanted the longer ooil is a core closed upon itself— such as an annulus or 
made the primary. In lieu of these devices ring subdivided in the usual manner. The 




17 


t 


Ml, 970 


two sets of coils ar$ wound side b y side or su- 
perposed or otherwise plsoed io well-known 
ways to bring them into the most effective re- 
lations to one another and to the core. The 
5 inducing or primary coils wound on the core 
are divided into pairs or sets by the proper 
electrical connections, so that while the coils of 
one pair or set to co-operate in fixing the mag- 
netic poles of the core at two given diametric- 
io ally-opposite points, the coils of the other pair 
or set — assuming, forsake of illustration, that 
there are bnt two— tend to fix the poles ninety 
degrees from such points. With this indoc- 
tion device I nse an alternating -current gen- 
15 era tor with coils or sets of eofls to correspond 
with those of the eonverter, sod by means of 
suitable conductors I connect np in independ- 
ent circuits the corresponding noils of the gen- 
erator and eonverter. It resalts from this 
20 that the different electrical phases in the gen- 
erator are attended by corresponding mag- 
netic changes in the eonverter; or, in other 
words, that as the generator-coils revolve the 
points of greatest magnetic intensity in the 
25 eonverter will be progressively shifted or 
whirled around. This principle I have ap- 
plied under variously- modified conditions to 
the operation of electro magnetic motors, and 
in previous applications, notably in those hav- 
30 ing Serial Nos. 252,132 and 250,561, 1 havede- 
scribed in detail the manner of constructing 
and using soeh motors. In the present appli- 
cation my object is to describe the best and 
most convenient manner of which I am at pres- 
35 ait aware of carrying out the Invention ns ap- 
plied to a system of electrical distribution; 
bat one skilled in the ait will readily under- 
stand from the description by the awdiln- 
tioaa proposed is said applications, wherein 
40 the tern of both the gen er ator mad converter 
in the pr e sent case may be modified, 
^to^tafcratiostoc refers of tito details of 

wolves, I aow refer to the accompanying draw- 
45 

l^ucls a diagrammatic ni^T Hm of 
the converter and the eleririenl connections of 


pointed out, by inclosing these coils with iron— 
as, for example, by winding over the coils a 
layer or layers of insulated iron wire. 

The device is provided with suitable bind- 70 
ing-posts, to which the ends of the coils are 
led. The diametrically opposlte ooila B B and 
B'B'are connected, respectively, in series, and 
the four terminals are connected to the bind- 
ing-posts 12 3 4 . The induced coils are eon* 75 
nected together In any desired manner. For 
example, as shown in Fig. 3, 0 0 may be eon 
nected io multiple arc when s quantity cur- 
rent is desired— as for running s group of in- 
candesceot lamps, D— while u U may be in- 80 
dependently connected in series in a circuit 
including arc lamps or Ibe like. The gener- 
ator in this system will be adapted to theeon- 
verter iu the manner illnstrated. For exam- 
ple, In the present case I employ s pair of or- 85 
dinary permanent or electro magnets, B E, 
between which is mounted s cylindrical arma- 
ture on s shaft, F, and wound with two coils, 

Q O'. The terminals of these coils are con- 
nected, respectively, to foar insulated contact 90 
or collecting rings, H H IT H', and the four 
line circuit-wires L connect the brashes K, 
bearing on these rings, to the eonverter In the 
order shown. Noting the results of this com- 
bination, it will be observed that at a given 95 
point of tine the coil O is in its neutral posi- 
tion and is generating little or no current, while 
the other cod, O', is in a position where it ex- 
erts Its maximum effect Ansaming eofl G to 
be connected in draft with coils B B of the 100 
converter, and cod O' with cods V Bf, it is 
evident that the poles of the ring A will be 
determined by cods ff F alone; bnt ae the 
armature of the generator revolve^ eofl Ode- 
ddopa more current and coll O' lea^ until O 103 
ran ches its maximum and O' its neutral posi- 
tion. The obvious resolt will be to shift the 
price of the ring A through one gssrter of 
its periphery. The m o ve m e n t of the cods 
through the nest quarter of a tarn, during 110 
which eoQ O' enters n field of opposite p* 
larity and generates n c ur rant of «mto 
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done, the currents are produced by dynamo- 
magnetic induction only, the same result be- 
ing obtained as though the poles were shifted 
by a commutator with an infinite number of 
5 segments. 

The modifications which are applicable to 
other forms of converter are in many respects 
applicable to this. I refer more particularly 
to the form of the core, the relative lengths 
io and resistances of the primary and secondary 
coils, and the arrangements for running or op- 
erating the same. 

The hew method of* electrical conversion 
which this system involves I have made the 
15 subject of another application, and I do not 
claim it therefore herein. 

Without limiting myself therefore to any 
specific form, what I claim is— 

1 , The combination, with a core closed npon 
ao itself, inducing or primary coils wound thereon 
and connected up in independent pairs or sets, 
and induced or secondary coils woond upon 
or near the primary coils, of a generator of 
alternating currents and independent connec- 
ts tions to the primary coils, whereby by the op- 
eration of the generator a progressive shifting 
of the poles of the oore is effected, as set forth. 


S 

. 2. The combination, with an annular or simi- 
lar magnetic core and primary and secondary 
coils wound thereon, of an alternating -cur- 30 
rent generator having induced or armature- 
coils corresponding to the primary ooils, and 
independent cirenits connecting the primary 
coils with the corresponding cons of the gen- 
erator, as herein set forth. 35 

*8.. The combination, with independent elec- 
tric transmission- circa its, of transformers con- 
sisting of annular or similar cores wonnd with 
primary and secondary coils, the opposite pri- 
mary ooils of each transformer being connected 40 
to one of the transmission-circuits, an alter- 
nating-current generator with independent in- 
duced or armature coil* connected with the 
transmissiou-circnits, whereby alternating cur- 
rents may be directed through the primary 45 
coils of the transformers in the order and man- 
ner herein described. 

NIKOLA TESLA. 

Witnesses: 

Robt. H. Dunoah, 

Boot. P. Gaylord. 
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To all whom it may concern: 

Be it known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austri&-Hangarv, now 
S residing at New York, in the county and State 
of New York, have invented certain new and 
usefhl Improvements in Electro-Magnetic Mo- 
tors, of which the following is a specification, 
reference being had to the drawings accorn- 
o denying and forming a part of the same. 

In a former application, filed October 12, 
1887, No. 252,132, 1 have shown and described 
a mode or plan of operating electric motors by 
causing a progressive shifting of the poles of 
1 5 one or both of the parts or elements of a mo- 
tor — that is to say, of either the field magnet 
or magnets or armature, or both. I accom- 
plish this by constructing a motor with two or 
more independent energizing-circuits, on the 
io field-magnets, fbr example, and I connect these 
up with corresponding induced or generating 
circuits in an alternating-current generator, so 
that alternating currents are caused to trav- 
erse the motor - circuits. By so doing the 
2 $ poles of the field-magnet of the motor are pro- 
gressively shifted, and by their attraction upon 
a rotary armature set np a rotation in the lat- 
ter in the direction of the movement of the 
poles. In this case, however, the rotation is 
|o produced and maintained by the direct attrac- 
tion of the magnetic elements of the motor. I 
have discovered that advantageous results may 
be secured in this Bystem by utilizing the shift- 
log of the poles primarily to setup currents in 
55 a dosed conductor located within the influence 
of the field of the motqr, so that the rotation 
may result from the reaction of such currents 
upon the field. 

To illustrate more folly the nature of tne in- 
40 mention I refer to the accompany i eg drawings. 

Figure 1 represents in side elevktkm the 
operative 'parts or elements of a motor em- 
bodying the principles of my invention, and 
in section the generator for operating the same. 
45 Fig. 2 is a horizontal central section of the mo- 
tor in Fig. l,the circuits being shown partly in 
diagram. Fig. 3 is a modified form of motor 
in side elevation. Fig. 4 is a central horizon- 
tal cross-section of Fig. 3. 

50 In Figs. 1 and 2, A is an annnlar core of soft 
iron, preferably laminated or formed of in- 


sulated sections, so as to bo snsoepti ble to rapid 
variations of magnetism* This core is wound 
with four coils, 0 C O' C\ the diametrically-op- 
posite coils being connected in the same eir- $5 
cuit, and the two free ends of each pair being 
brought to the terminals t and t' 3 respectively, 
as shown. Within this annular field-magnet 
A is mounted a soft-iron cylinder or disk, D, 
on an axis, a, in bearings b b , properly sup- 60 
ported by the frame* work of the machine. 

The disk carries two coils, E E*, of insulated 
wire, wound at right angles to one another, and 
having their respective ends joined, so that 
each coil forms a separate closed circuit. 65 
In illustration of the action or mode of op- 
eration of this apparatus, let it be assumed that 
the annular field-magnet A is permanently 
magnetized, so as to present two free poles dia- 
metrically opposite. If suitable mechanical 70 
provision be now made for rotating the field- 
magnet around the disk, the apparatus exem- 
plifies the conditions of an ordinary magneto- 
generator, and currents wonld be set up in the 
coils or closed conductors E E' on the disk D. 7 5 
Evidently these currents would be the most 
powerful at or near the points of the greatest 
density of the lines of force, and they wonld, 
as in all similar cases, tend, at least theoreti- 
cally, to establish magnetic poles in the disk 80 
D at right angles to those in the annnlar field- 
magnet A. As a result of the well-known 
reaotion of these polarities upon each other, 
a more or less powerful tendency in the disk 
to rotate in the same direction as that of the 85 
field-magnet wonld be established. If, on the 
other hand, the ring or annnlar field-magnet 
A be held stationary and its magnetic poles 
progressively shifted by passing through its 
coils C Cf properly-alternated currents, it is 90 
obvious that similar results will follow, for 
the passage of the currents causing the shift- 
ing or whirling of the poles of the field-mag- 
net A induces currents in the closed circuits 
of the armature coils E E*, with the result of 95 
setting np a rotation of the disk D in the same 
direction of such shifting. Inasmuch as the 
currents are always induced or generated in 
the coils E HZ in the same manner, the poles 
of the disk or cylinder follow continuously 100 
the poles of the annular field-magnet, main- 
taining, at least theoretically, the same rela- 
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tive positions* This results in an even and 
perfect action of the apparatus. 

In order that the system as a whole may be 
better understood, I shall now describe the 
5 mode or plan devised by me for producing the 
currents that effect the progressive shifting of 
the poles of the motor. 

In Fig. 1, B B' are the poles or pole pieces 
of an alternating-current generator. They 
io are permanently magnetised and of opposite 
polarity. F is a cylindrical or other armature 
containing the independent coils G G\ These 
coils are wound at right angles, so that while 
one is crossing the strongest portion of the 
15 field of force the other is at thenentral point. 
The coils G G' terminate in the two pairs of 
insulated collecting- rings / and /',npon which 
bear the brushes g /. Four wires connect the 
motor-terminals t and t with the brushes y and 
ao f/ y respectively. When the generator is ro- 
tated, thecoilG will at the certain point shown 
in the drawings be* generating its maxima m 
current, while coil G' is neutral." Let it be as 
earned that this current is conveyed from the 
*35 rings/ f to the terminals 1 1 and through the 
coils C O. Its effect will be to establish poles 
in the ring midway between the two coils. 
By the further rotation of the generator the 
coil G' is brought within the influence of the 
50 field and begins to produce a current, which 
grows stronger as the said coil approaches 
the maximum points of the field, while the 
current produced in the coil G diminishes as 
the said coil recedes from those points. The 
55 current from the coil G', being conveyed to 
the terminals 1 1 and through colls CCf, has 
a tendency to establish poles at right angles 
to those set up by the coils 0 0; nut owing 
to the greater effect of the current in coils 0 
40 O the result is merely to advance the poles 
from the position in which they would remain 
if dne to the magnetizing influence of coils G 
G alone. This progression continues for a 
quarter-revolution until coil G G becomes 
45 neutral and coil G' G' produces its maximum 
current. The action described is then re- 
peated, the poles having been shifted through 
one-half of the field, or a half- revolution. The 
second half revolution is accomplished in a 
50 similar way, the same polarity being main- 
tained in the shifting poles by the movement 
•of the generator • coils alternately through 
fields of opposite polarity. 

The same principle of operation may be ap- 
55 plied to motors of various forms, and I have 
shown one of snob modified forms in Figs. 3 
and 4 of the drawings. *Iu these figures, M M' 
are field-magnets secured to or forming part 
of a frame, F', mounted on a base, P. These 
60 magnets should be laminated or composed of 
-a number of electrically-insulated magnetic 
sections, to prevent the circulation of induced 
currents ana to render them capable of rapid 
magnetic changes. These magnetic cores or 
65 pel es are wound with insulated coils G O', the 
diametrically-opposite coils being connected 


together in series and their free ends brought 
to terminals t t', respectively. Between the 
poles there is mounted, in bearings in the cross- 
pieces G", a cylindrical iron core, D, which, 70 
In order to prevent the formation of eddying 
currents, and the loss consequent thereon, is 
subdivided in the nsnal way. Insulated con- 
ductors or coils are applied to the cylinder D 
longitudinally, and for these I may employ 75 
copper plates B E\ which are secured to the 
sides and ends of the cylindrical core in well- 
known ways. These plates or conductors may 
form one or preferably several independent 
circuits around the core. In the drawings two 80 
of such circuits are shown, formed respectively 
by the conductors E and Ef, which are insu- 
lated from each other. It is advantageous also 
to slot these plates longitudinally, to prevent 
the formation of eddy currents and waste of 85 
energy. 

From what has now been g'.ven the opera- 
tion of this apparatus will be readily under- 
stood. To the binding-posts t f are connected 
the proper circa its from the generator to cause 90 
a progressive shifting of thje resultant mag- 
netic poles produced by the magnets M upon 
the armature. Thus currents are induced in 
the closed circuits on the cor& which, energi* 
ing the core strongly, maintain a powerful at- 95 
traction between the same and the field, which 
causes a rotation of the armature in the -direc- 
tion in which the resultant poles are Shifted. 

The particular advantage of the construc- 
tion illustrated io Figs. 3 and 4 is that a con- too 
centrated and powerful field is obtained and 
a remarkably powerful tendency to rotation 
in the armature secured. The same results 
may be obtained in the form illustrated in 
Figs. 1 and 2, however, by formiog polar pro- 105 
jections on the field and armature cores. 

When these motors are not loaded, but run- 
ning free, the rotation of the armature is nearly 
synchronous with the rotation of the poles of 
the field, and under these circumstances very no 
little current is perceptible in the coils B Er ; 
bat if a load is added the speed tends to di- 
minish and the currents io coils EE' are aug- 
mented, so that the rotary effort is increased 
proportionately. 115 

Obviously the principle of this invention is 
capable of many modified applications, most of 
which follow as a matter of course from the 
constructions described. For instance, the 
armature-coil8,or those in which the currents 130 
are set up by induction, may be held stationary 
and the alternating currents from the genera- 
tor conducted through the rotating inducing 
or field coils by means of suitable sliding con- 
tacts. It is also apparent that the induced* 135 
coils may be movable and the magnetic parts 
of the motor stationary; but I have illustrated 
these modifications fully io the application to 
which reference has herein .been made. 

In theoase of motors wound with independ- 130 
ent field and armature circuits and operated 
by shifting their poles, as described in my said 
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. prior application, X may by short-circuiting 
the arntature-ooilaapply the present invention 
in order to obtain greater power on starting. 

An advantage and characteristic feature of 
5 motors constructed and operated in accordance 
with this invention is their capability of al- 
most instantaneous reversal by a reversal pfi 
one of the energizing-currents from the gen- 
erator. This will be understood from a con* 
»o sideration of the working conditions. Assum-' 
ing the armature to be rotating in a certain di- 
rectionfollowing the movement of the shifting 
poles, then reverse the direction of the shift- 
ing, which may be done by reversing the con- 
15 nections of one of the two eneigizing- circuits. 
If it be borne in mind that in a dynamo-elec- 
tric machine the energy developed is very 
nearly proportionate to the cube of the speed, 
it is evident that at such moment an extra- 
20 ordinary power is brought to play in reversing 
the motor. In addition to this the resistance 
of the motor is very greatly reduced at the 
moment of reversal, so that a much greater 
amount of current passes through the energiz- 
es lug-circuits. 

The phenomenon alluded to-'-viz., the varia- 
tion of the resistance of the motor apparently 
like that in ordinary motors— -I attribute to the 
variation in . the amount of self-induction in 
30 the primary or energizing circuits. 

These motors present numerous advantages, 
chief among which are their simplicity, relia- 
bility, economy in construction and mainte- 
nance, and their easy and dangerless manage* 
35 men!. As no commutators are required on 


either the generators or the motors, the system 
is capable of a verv perfect action and involves 
bnt little loss. 

I do not claim herein the mode or plan of 
producing currents in dosed conductors in a 4 
magnetic field which is herein disclosed, except 
in its application to this particular purpose; 
but 

‘ What I claim is — 

1. The combination, with a motor contain- 4, 
ing independent inducing or energizing cir- 
cuits ana closed induced circuits, of an alter- 
nating-current generator having induced or 
generating circuits corresponding to and con- 
nected .with the energizing-cirenits of the mo- 5< 
tor, as set forth. 

2. An electro - magnetic motor having its 
field- magnets wound with independent coils 
and its armature with independent closed coils, 
in combination with a source of alternating 51 
currents connected to the field-coils and capa- 
ble of progressively shifting the poles of the 
field-magnet, as set forth. 

3.. A motor constructed with an annular 
field-magnet wound with independent coils 6< 
and a cylindrical or disk armature wound with 
doBed coils, in combination with a source of 
alternating '-currents connected with the field- 
magnet coils and acting to progressively shift 
or rotate - the poles of the field, as herein set 
forth. 

NIKOLA TESLA. 

Witnesses: 

Frank B. Murphy, 

Frank E. Hartley. 
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To all wh&m it may. concent: 

Re it known that I, Nikola Tibia, from 
Smi\jan, Lika, border country of Aaatria-Han- 
and residing in the city, county, and State 
5 of New York, have invented certain new abd 
useful Improvements in the Transmission of 
Power, of which the following is a specification, 
reference being had to the drawings accom- 
panying and forming a part of the same, 
so This application is a division of an applica- 
tion filed by me October 12, 1867, No. 202,182. 

The practical solution of the problem of the 
electrical conversion and transmission of me- 
chanical energy involves certain requirements 
rs which the apparatus and systems heretofore 
employed have not been capable of fulfilling. 
Bnch a solution primarily demands a uni- 
formity of speed in the motor irrespective of 
its load within its normal working limits. On 
sc the other hand, it is necessary, to attain a 
greater economy of conversion than has here- 
tofore existed, to construct cheaper and more 
reliable and simple apparatus, and such that 
all.danger from the use of currents of high 
*5 tension, which are necessary to an economical 
transmission, may he avoided. 

My present invention is a new metliod or 
mode of effecting the transmimion of power 
by electrical agency, whereby many of the 
jo present objections arc overcome and great 
economy and efficiency secured. 

In carrying out my invention I employ a 
motor iu which there are two or more inde- 
pendent energiziog-circnits, through which I 
35 possj in the manner hereinafter described, al- 
ternating currents, effecting thereby a progres- 
sive shifting of the magnetism or of the 1 ‘ lines 
of force,” which, in accordance with well-known 
theories, produces the action of the motor. 

40 It is obvious that a proper progressive shift- 

ing of the lines of force may be utilised to set 
up a movement or rotation' of either eiemeut 
of the motor, the armature. or the field -magnet, 
and that if the currents directed through the 
45 several circuits of the motor arc in proper di- 
rection no commutator for Llio motor will be 
required; but to avoid all the usual commu- 
tating appliances in the system I connect the 
motor-circuits directly, with those of a suitable 
50 alternating-current generator. The practical 
molts of such a system, its economical afoKn- 


tages and the mode of its construction aud 
operation will be described more iu detail by 
reference to the accompanying diagrams and 
drawings. j5 

Figures 1 to 8 aud 1* to 8*, inclusive, are dia- 
grams illustrating the principle of the motion 
of my invention. - The remaining figures are 
views of the apparatus in various forms by 
means of which the invention may be carried 60 
into effect, and which will be described in their 
order. 

Referring first to Fig. 9, which is u dia- 
grammatic reprerentation of a motor, a gen 
erator, and connecting-circuits in accordance 65 
with my invention, M is the motor, aud G 
the generator for driving it. The motor com - 
prises a ring or annulus, R, .preferably built 
up of thin insulated iron rings or annular 
plates, so as to be as susceptible as possible to 70 
variations in itsmagnetic condition. This ring 
is surrounded by four coils of insulated wire 
symmetrically placed and designated by GCC 
C. The diametrically-opposite coils are con- 
nected npsoas to co-operate in pairs in produc 75 
ing free poles on diametrioally-opposite parts 
•of the ring. The four free ends thus left are 
connected to terminals TTY T, as indicated. 
Near the ring, and preferably inside of it, 
there is mounted on an axis or shaft a mag- 80 
notic disk, C, generally circular in shape, but 
having two segments, out away as shown. 

This disk is mounted bo as to torn freely within 
the risg R. The generator G is of any ordi- 
nary type, that shown in the present instance 85 
having field-magnets N Band a cylindrical ar 
mature- core, A, woupd with the two coils B 
B'. The free ends of each coil are carried 
through the shaft a and connected, respect- 
ively, to insulated contact-riugs hbb' b Any 90 
convenient form of collector or brash bears on 
each ring and forms a terminal by which the 
current to and from a ring is conveyed. These 
terminals are connected to the terminals of th< 
motor by the wires L and 1/ in the manner in 95 
dioated, whereby two comp' etc circuits arc 
formed, one indndlng. say, the ©oils ]» 01 the 
jmerator and C 0 of the motor And tin; othe; 

•me remaining eoih B and C C of the gen 
enter and the motor. 100 

It remain’" to ' ii a the mode of op 

r ration. r ‘ it< A for thto^nrpoBe 1 
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refer to the diagrams, Figs. 1 to 8 and 1“ to 8*, F develops a less powerful current, but in the 
for an illustration of the various phases same direction as before. The coil B, on the 
through which the coils of the generator pass other hand, having entered a field of opposite 70 
when in operation, and the corresponding and polarity, generates a currept of opposite di 
5 resultant magnetic changes produced in the rection. * The resultant poles will therefore be 
motor. The revolution of the armature of the in the line N S, Fig. 8*; or, in other words, 
generator between the field-magnets N S ob- the poles of the ring will be shifted along five- 
viously produces-in the coils B F alternating eighths of its periphery. 7$ 

currents the intensity and direction of which Figs. 7 and 7* in the same manner illustrate 
10 depend upon well-known laws. In the posi- the phases of the generator and ring at three- 
tion of the ooils indicated in Fig. 1 the current quarters 0/ a revolution, and Figs. 8 and 8* 
in the coil B is practically *#, whereas the the same at seven eighths of a revolution of 
coil F at the same time is developing its the generator-ar mature. These figures will be Eo 
maximum current, and by the means indicated readily understood from the foregoing. 

15 in the description of Fig. 9 the circuit includ- When a complete revolution is accomplished, 

ing this coil may also include, say the coils 0 the conditions existing at the start are re-es- 
O of the motor. Fig. 1*. The result, with the tablished, and the same action is repeated for 
proper .connections, would be the magnetiza- the next and all subsequent revolution*, and in 85 
tion of the ring B, the poles being on the line general it will now be seen that every revolu- 
to KB. The same order of connections being tion of the armature of the generator produces 
observed between tlfe coll B and the coil O', a corresponding shifting of the poles or lines 
the latter when traversed by a current tend to of force aronnd the ring. This effect I utilise 
fix the poles at right angles to the line N S of in producing the rotation of a body or arma- 90 
Fig. 1\ It results, therefore, that when the tare in a variety of ways— for example, apply- 
25 generator-coils have made one-eighth of a re- ing the principle above described to theappa- 
volution, reaching the position shown in Fig. ratos shown in Fig. 9. The disk D, owing to 
2, both pairs of coils, O and O', will be trav- its tendency to assume that position in which 
ersed by current and act in opposition in so it embraces the greatest possible number r f the 95 
far as the location of the poles is concerned, magnetic linec, is set in rotation, following the 
30 The position of the poles will therefore be the motion of the lines or the points of greatest 
resultant of the magnetising forces of the coils — attraction. 

that is to say, it will advance along the ring to The disk D j \ Fig. 9 is shown as cut away 
a position corresponding to one-eighth Of the on opposite side*; but this I have found is not 100 
revolution of the armature of the generator, essential to effecting its rotation, as a circular 
35 In Fig. 3 the armature of the generator has disk, as indicated by dotted lines, is also set 
progressed to one-fourth of a revolntion. At in rotation. This phenomenon I attribute to 
the point indicated the current in the coil B a certain inertia or resistance inherent in tye 
is maximum, while in S' it is afl, the latter metal to the rapid shifting of the lines of force 105 
coil being in its neutral position. The poles through the same, which results in a conti nu- 
40 of the ring R in Fig. 3* will in consequence be oos tangential pall upon the disk, cansing its 
shifted to a position ninety degrees from that rotation. This seems to be confirmed by die 
at the start, as shown. I have in like manner fact that a circular disk of steel is more effect- 
shown the conditions existing at each succes- ively rotated than one of soft iron,’ for the rea- 1 10 
sive eighth of one revolution in the remaining Bon that the former is assnmed to possess it 
45 figures. A short reference to these figures will greater resistance to the shifting of the mag- 
Snffice to an understanding of their signifi* netie lines. 

cance. In illustration of other forms of apparatus 

Figs. 4 and 4* illustrate the conditions which hy means of which I carry oat my invention, 1 15 
exist when the generator-armature has com- I Shall now describe the remaining figures of 
50 plated three-eighths of a revolution. Here the drawings. 

both coils are generating currents; but the coil Fig. 10 is a view in elevation and part ver- 
F, having now entered the opposite field, is tlcal section of a motor. Fig. 12 is a top view 
generating a current in ]the opposite direction of the same with the field in section and a iso 
having the opposite magnetizing effect: hence diagram of connection*. Fig. U is an end or 
55 the resultant pole will be on the line N 8, as side view of a generator with the fields )n sec- 
shown. tion. This form of motor may be need in plaoe 

In Fig. 5 one-naif of one revolntion of the of that shown, 
armature of the generator has been completed, D is a cylindrical or dram annatnre-core, 1*5 

and the resulting magnetic condition of the which, for obvious reasons, should be split up 
60 ring is shown in Fig. 6 s . In this phase coil B as for as practicable to prevent the circulation 
is in the neutral position, while coil F is gen- within it of currents of induction. The core 
erating its maximum current, which is in the is wound longitudinally with two coils; B and 
same direction as in Fig. A The poles will F, the euds of which are respectively con- 
consequently be shifted throngh one half of nected to insulated contact-rings d d & (f, car- 
65 the ring. ried by the shaft u,npon which the armature 

In Fig. 6 the armature has completed five- 1 is mounted, 
eighths of a revolntion. In this position coil The armatnre is set to revolve within an J 
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iron aboil, R, which constitutes the field-mag- | motor prodnoe af steadily-progreasive shifting 
not or other element of the motor. Thin shell of the resultant attractiveloroe exerted by the 


is preferably formed with a slot or opening, r; 
but it may be continuous, as shown by the 
S dotted lines, and in this event it is preferably 
made of steel. It is also desirable that this 
shell should be divided op similarly to the 
armature, and for similar reasons. As a gen- 
erator for driving this motor, I may use the 
10 device shown in Fig. 11. This represents an 
annular or ring armature, A, surrounded by 
four coils, F F F F, of which those diamet- 
rical! v opposite are connected in series, so 
that four free ends are left, which are con- 
15 neeted to the 'usulated contact-rings bb V b'. 
The ring is suitably mounted on a shaft, s', 
between the poles N 8. The contact-rings of 
each pair of generator coils are connected to 
those of the motor, respectively, by means of 
so contact-brushes and the two pairs of conduct- 
ors. L L and V If, as indicated diagram mat- 
ically in Fig. IS 

Now, it is obvious from s consideration of 
the preceding figures that the rotation of the 
*5 generator- ring produces currents in the coils 
F F', which, bring transmitted to the motor- 
Coils, impart to the core of the latter magnetic 
price constantly suiting or whirling around 
the core. This effect sets up a rotation of the 
30 armature, owing to the attractive force bet ween 
the shell and the poles of the armature; bnt 
inasmuch as the coils in this case move rela- 
tively to the shell or field- magnet the move- 
ment of the coils is in the opposite direction 
33 to the progressive shifting of the poles. 

Other arrangements of the coils of both gen- 
erator and motor are possible, and a greater 
number of circuits may be used, as will be 
seen in the two succeeding figures. 

40 Fig. 13 is a diagrammatic illustration of a 
motor and a generator eon neeted and con- 
structed in accordance with my invention. 
Fig. 14 is an end view of the generator with 
its field-magnets in section. 

45 The field of the motor M 13 produced by six 
magnetic poles, G'G', secured to or projecting 
from a ring or frame, H. These magnets or 
poles are wound with insulated coils, those 
diametrically opposite to each other being con- 
50 neeted in pairs, so as to produce opposite poles 
in each pair. This leaves six free ends, which 
are connected to the terminals T T T V T" T". 
The armature which is mounted to rotate be- 
tween the poles is a cylinder or disk, D, of 
55 w rough t-irou, mounted on the shaft a. Two 
segments of the same are cat away, as shown. 
The generator for this motor has in this in- 
stance an armature. A, wound with thrre 
coils, K S' K", at sixty degrees apart. The 
60 ends of these coils are con neeted. respectively, 
to insulated contact rings eetf € 4 ’ e". These 
rings are connected to those of the motor in 
proper order by means of collecting-brashes 
and six wires, forming three independent cir- 
cuits. The variations in the strength and di- 
rection of the currents transmitted through 
these circuits and traverslog the coils of the 


poles G' upon the armature D, and conae- 70 
quently keep the armature rapidly rotating. 

The peculiar advantage of this disposition Is 
in obtaining a more concentrated and power- 
ful Arid. The application of this principle to 
systems involving multiple d rcuita generally 75 
will be understood from this apparatus. 

- Referring now to Figs. 15 agd 16, Fig. 15 1 m 
a diagrammatic representation of a modified 
disposition of my invention. - Fig. 16 is a hori- 
aontal cross-section of the motor. In this case So 
a disk, D, of magnetic metal, preferably cut 
away at opposite edges, as shown in dotted 
lines in the figure, is mounted eo as to tarn 
freely inside two stationery coils, N'lF, placed 
at right angles to one another. The coils are 85 
preferably wound on a frame, O, of insulating 
material, and their ends are connected to the 
fixed terminals T TTT. The generator G is 
a representative oi that class of alternating- 
current machines in which a stationary in- 90 
dnoed element is employed. That shown con- 
sists of a revolving permanent or electro-mag- 
net, A, and four independent stationary mag- 
nets, P F, wound with coils, those diamet- 
rically opposite to each other being connected 93 
'in series and having their ends secured to the 
terminals tiff. From these terminals the 
currents are led to the terminals of the motor, 
as shown in the drawings. The mode of op- 
eration is substantially the same as in the pre- 100 
vious eases, the curreuts traversing the coils 
of the motor having the effect to turn the disk 
D. This mode of carrying out the invention 
has the advantage of dispensing with the slid- 
ing oontacts in the system. 105 

In the forms of motor above described only 
090 of the elements — the armature or the field* 

. magnet — is provided with energizing- coils. It 
remaius, then, to show how both elements may 
be wonnd with coils. Reference Is therefore 1 10 
had to Figs. 17, 18, and 19. Fig. 17 is an end 
view of such a motor. Fig. 18 is a similar 
view of the generator, with the field- magnets 
in section; and Fig. 19 is a diagram of the cir- 
cuit-connections. In Fig. 17 the field-magnet 1 15 
of the motor consists of a ring, B, preferably 
of thin insulated iron sheets 01 bauds, with 
eight pole-pieces, G, and corresponding re- 
cesses in which four pairs of coils, V,‘ are 
wound. The diametrically opposite pairs oT 120 
coils are connected in series and the free ends 
connected to fonr terminals, w t the rale to be 
followed in connecting being the same as here- 
inbefore explained. An armature, D, with two 
coils, E S', at right angles to each other, is 1 1 5 
mounted to rotate Inside of the field-magnet 
R. The ends of the arnritu re-coils are con- 
nected to two pairs of contact- rings, d d <f tit. 

The generator for this motor may be of any 
suitable kind to produce currents of the de- 130 
sired character. In the present instance it 
consists of a field- magnet, N S, and au arma- 
ture, A, with two coils at right angles, the 
ends of which are connected to four contact* 
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ring* 8 8 F F, carried by its shaft The dr- 
enit-connecdoos ere established between the 
rings on the generator-shaft end those on the 
motor-shaft by coUeetingbrushes and wire* as 
5 previously explained. In order to properly 
energise the field-magnet of the motor, how- 
ever, the connections are so made with the 
armat a re-coils by wires leading thereto that 
while the points of greatest attraction or great- 
io est density of magnetic lines of force upon the 
armature are shifted in one direction those 
upon the field-magnet are made to progress in 
art opposite direction. In other respects the 
operation is identically the same as in the 
15 other easel cited. This arrangement results 
in an increased speed of rotation. 

In Figs. 17 and 19, for example, the terminals 
of each set of field -coils are oonnected with the 
wires to the two armature-coils in such a way 
20 that the fidd-eoila will maintain opposite poles 
iu advance i ' the poles of the armature. 

In the dra* ; ngs the field-eofls are in ahnnta 
to the armature; bat they may be in series or 
io independent circuits. 

25 It is obvious that the same principle may 
jbe applied to the various typical forms of mo- 
tor hereinbefore described. 

Having now described the nature of my in- 
vention and some of the various ways in which 
jo it is or may be carried into effect, I would call 
attention to certain characteristics which the 
applications of the invention possess, and the 
advantages which it offers. 

In my motor, considering, for convenience, 
35 that represented in Fig. 9, it will be observed 
that since the disk D has a tendency to follow 
continuously the points of greatest attraction, 
and since these points are shifted around the 
ring once for each revolution of the armature 
40 of the generator, it follows that the move- 
ment of the disk D will be synchronous with 
that of the armature A. This feature by 
practical demonstration I have found toex- 
m in all other forms in which one revolution 
45 of the armature of the generator produces a 
shifting of the poles of the motor through 
three hundred and sixty degrees. 

In the particular modification shown in Fig. 
15, or in others constructed on a similar plan, 
50 the number of alternating impulses resulting 
from one revolution of the generator-armature 
ia double as compared with the preceding 
cases, and the polarities in the motor are 
shifted aronnd twice by one revolntion of the 
55 generator-armature. The speed of the motor 
will therefore be twice that of the generator. 
The same result is evidently obtained by such 
a disposition os that shown in Fig. 17, where 
the poles of both elements are shifted in op- 
60 posite directions. 

Again, considering the apparatus illustrated 
by Iffg. 9 as typical of the invention, it is ob- 
vious that since the attractive effect upon the 
disk D is greatest when the disk is i □ its proper 
65 relative position to the poles developed in the 
ring B— that* is to say, when its ends or poles 
immediately follow those of the ring— the 
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speed of the motor for all loads within the 
normal working limits of the motor will be 
practically constant 70 

It is dearly apparent that the speed can 
never exceed the arbitrary limit as determined 
by the generator, and also that withinr certain 
limits, at least, the speed of the motor will be 
independent of the strength of the current 75 
It will now be more readily seen from the 
above description how lhr the requirements of 
a practical system of electrical transmission 
of power are realised in my invention. I se- 
cure, first, a uniform speed under all loads 80 
within the normal working limits of the mo- 
tor without the use of any auxiliary regula- 
tor: second, synchronism between the motor 
and the generator; third, greater efficiency by 
the more direct application of the current, no 8s 
commutating devices being required on either 
the motor or the generator; fourth, cheapness 
and simplidty of mechanical construction; 
fifth, the capability of being very easily man- 
aged or controlled, and, sixth, diminution of 90 
danger from iqjnry to persona and apparatus. 

These motors may be ran in series — multi- 
ple arc or multiple series — under conditions 
well understood by those Skilled in the ark 
I am aware that it is not new to produee the 95 
rotations of a motor by intermittently shifting 
the poles of one of its elements. This has been 
done by pissing through independent ener- 
gizing-coils on one of the elements the cur- 
rent from a battery or other source of direct 100 
or continuous currents, reversing such cur- 
rent by suitable mechanical appliances, so that 
it is directed through the coils in alternately 
opposite directions. In sofeh cases, however, 
the potential of the energizing -currents re- 105 
mains the same, their direction only being 
changed. According to my invention, how- 
ever, I employ true alternating currents; aqd 
my invention consists in the discovery of the 
mode or method of utilizing such currents. 1 10 
The difference between the two plana and 
the advantages of mine are obvious. By pro- 
ducing an alternating current each impulse 
of which involves a rue and fell of potential 
I reproduce in the motor the exact conditions 1 1 5 
of the generator, and by sneh currents and the 
consequent production of resultant poles the 
progression of the poles will be continuous 
and not intermittent. In addition to thia,the 
practical difficulty of interrupting or revere- 120 
ing a current of any considerable strength ia 
sneh that none of the devices at present oonld 
be made to economically or practically effect 
the transmission of power by reversing in the 
manner described a continuous or direct cur- 125 
rent. In so far v then,as the plan of acting upon 
one element of the motor is concerned, my in- 
vention involves the use of an alternating a* 
dist ingnished from a reversed carcent-,or a m 
rent which, while continuous and direct* is 130 
shifted from coil to coil by any form of com- 
mutator, reverse* or interrupter. With re- 
gard to that part of the iuvention which con- 
sists in acting upon both elements of the motor -4 
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simuitaaeoualj, I mrd the use of either si- 
* tnaUicor mmmm currents as within the 
scope ofthe invention, Although I do not con- 
sider the use of reversed currents of any prae- 

The method herein described of electrically 
tra— miffing power, which consists in produc- 
ing a eontinuously-progreasive shifting of the 


polarities of either or both elements (toe arms* 10 
tore or Held magnet or magnets) of a motor toy 
developing alternating currents in independ- 
ent circuits, including the magnetidng-ooils of 
cither or both elements, as herein set forth. 

HIKOLA TESLA. 

Witnesses: 

Faite B* Kubphy, 

Fbahk R Hasxxjbt. 
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A all whom U may concern: 

Be it known that. I, Ntitoui Tesla, from 
Smiljan, Lika, border country of Austria- Hun-* 
gary, and residing in the eity, county, and 
5 State of New York, have invented certain new 
and useful Improvements in the Electric Trans- 
mission of Power, of which the following is a 
specification, this application being a division 
of an application filed by me November 80, 
10 1887, Serial No. 256,562. 

In a previous application filed by me— viz., 
No. 252,132, filed October 12, 1887— I have set 
forth an Improvement in motors and in the 
mode or method of operating the Bame, which, 
15 generally stated, consists in progressively and 
continuously shifting the. poles or lines of 
maximum magnetic effect of either the field- 
magnets or armature* or both, of a motor, and 
thereby producing a movement of rotation in 
to the motor. The means which I have shown 
for effecting this, while yarying in detail, are 
exemplified in the follow! ngsysieop, which, for 
present purposes, it will be sufficient to con- 
sider as a typical embodiment of the inven- 
25 tkm. 

The motor is wound with coils forming in- 
dependent energizing-circuits on the arma- 
ture, which is a cylinder or disk mounted to 
rotate between two opposite magnetic poles. 
30 These coils are connected up with correspond- 
ing induced or current-producing circuits in 
an alternating-current generator. As a result 
of this, when the generator is set in motion, 
currents of alternately-opposite direction are 
35 directed through the energizing-coils of the 
motor in such manner as to produce a pro- 
gressive shifting or rotation or the magnetic 
poles of the motor-armature. This movement 
of the poles of the armature obviously tends to 
40 rotate the armature in the opposite direction 
to that in which the movement of the poles 
takes place, owing to the attractive force be- 
tween said poles and the field-magnets, and the 
speed of rotation increases from the start no- 
45 ill it equals that of the generator, supposing 
both motor and generator to be alike. 

As the magnetic poles of the armature are 
shifted in a direction opposite to that in which 
the armature rotates, it will be apparent that 
50 when the normal speed is attained the poles of 




the armature will assume a fixed position rela- 
tively to the field-magnets, and that in conse* 
quence the* field- magnets will be energised by 
magnetic induction, exhibiting two distinct 
poles, one on each of the pole-pieces. In start- 55 
ing the motor, however, the speed of the ar- 
mature being comparatively slow, the pole- 
pieces are subjected to rapid reversals of mag- 
netic polarity ; but as the speed increases these 
reversals become less and less frequent and 60 
finally cease, when the movement of the arma- 
ture becomes synchronous with .that of the 
generator. This being the case, the field-cores 
or the pole-pieces of the motor become a mag- 
net, but by induction only. 65 

I have found that advantageous results are 
secared by winding the field-magnets with a 
coil or coils and passing a continuous current 
through them, thus maintaining a permanent 
field, and in this featnre my present invention 70 
consists. 

I shall now describe the apparatus which I 
have devised for carrying out this invention 
and explain the mode of using or operating 
the same. /5 

Figaro 1 is an end view in elevation of my 
improved motor. Fig. 2 is a part horisontal 
central section, and Fig. 3 is a diagrammatic 
representation of the motor and generator 
combined and donnected for operation. 80 

Let A A in Fig. 1 represent the legs or pole- 
pieces of a field-magnet, around which are 
coils B B, included in the circuit of a continu- 
ous-current generator, G, which is adapted to 
impart magnetism to the said poles fu the or- 85 
dinary manner. 

D Tf are two independent ooils wound upon 
a suitable cylindrical or equivalent armature- 
core, which, like all others used in a similar 
manner, should be split or divided np into 90. 
alternate magnetic and insulating parts in the 
usual way. This armature is mounted in non- 
magnetic cross-bars E E, secured to the poles 
of the field-magnet The terminals of the ar- 
mature-coils D O' are connected to insulated 95 
sliding contact rings a a ft 5, carried by the 
armature -shaft, and brushes c c bear upon 
these rings to convey to the ooils the currents 
which operate the motor. 

The generator for operating this motor is or xoo 
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may be of precisely identical construction, 

, and for convenience of reference I have marked 
in Fig. 3 its parts, as follows: F F, the field- 
magnets energised by a conti noons current 
5 passing in its field-coils G G; H H', the eoils 
carried by the cylindrical armature; d dee, 
the friction or collecting rings carried by the 
armature-shaft and forming the terminals of 
the armature -coils; and // the collecting- 
10 brashes which deliver the currents developed 
in the armature-coils to the two circuits g 
which connect the generator with the motor. 

The operation of this system will be under- 
stood from the foregoing. The action of the 
15 generator by causing a progressive shifting of 
the poles in the motor-armature sets up in 
the latter a rotation opposite in direction.^ 
that in which the poles move. Jf, now, the 
continuous current be directed through the 
20 field-coils so as to strongly energize the mag- 
net A A, the speed of the motor, whioh depends 
upon that of the generator, will not be increased, 
but the power which produces its rotation will 
be increased in proportion to the energy sup- 
25 plied through the coils B B. It is character- 
istic of this motor that its direction of rota- 
tion is not reversed by reversing the direction 
of the current through its field coils, for the 
direction of rotation depends not upon the 
30 polarity of the field, but upon the direction 
in which the poles of the armature are shifted. 
To .reverse the motor the connections of either 
of the circuits g must be reversed. 

1 have found that if the field-magnet of the 
35 motor be strongly energized by its coils B B, 
and the circuits through the armature-coils 
dosed, assuming the generator to be running 
at a certain speed, the motor will not start;; 
but if the field be but slightly energized, or in* 
40 general in. such condition that the magnetic 
influence of the armature preponderatesln de- 
termining its magnetic condition, the motor 
will start, and with sufficient current will 
reach its maximum or normal speed. For 
45 this reason it is desirable to keep at the start, 
and until the motor has attained its normal 
speed, or nearly so, the field-circuit open, or 
to permit but little current to pass through it. 
I have fbpnd, however, if the fields of both the 
50 generator and motor be strongly energized 
that starting the generator starts the motor, 
and that the speed of the motor is increased 
in synchronism with the generator. 


Motors constructed and operated on this 
principle maintain almost absolutely the same 55 
speed for all loads within their normal work- 
ing limits, and in practice I have observed 
that if the motor be overloaded to such an ex- 
tent as to check its speed the speed of the 
generator, if its motive power be not too great, 60 
is diminished synchronously with that of the 
motor. 

I have in other applications shown how the 
construction of these or similar motors may be 
varied in certain well-known ways— as, for in- 65 
stance, by rotating the' field about a station- 
ary armature or rotating conductors within 
the field— but I do not illustrate these features 
farther herein, as with the illustration which 
I have given I regard the rest as within the 70 
power of a person skilled in the art to con- 
struct. 

■ I am aware that a device embodying the 
characteristics of a motor and having a per- 
manent! v-magnetised field-magnet has been 75 
operated by passing through independent coils 
on its armature a direct or continuous curreiit 
in opposite directions. Such a system, how- 
ever, I do not regard as capable of the prac- 
tical applications for which my invention is 80 
designed, nor is it the same in principle or 
mode of operation, mainly in that the shifting 
of the poles is intermittent and not continu- 
ous, and that there is necessarily involved a 
waste of energy. *5 

In my present application I do not limit my- 
self to any special form of motor, nor of the 
means for producing the alternating currents 
as distinguished from what are called ** re- 
versed currents,’ 1 and I may excite or energize 9° 
the field of the motor and of the generator by 
any source of current which will produce the 
desired result. 

What I claim is — 

The method herein described of transmit- 95 
ting power by electro-magnetic motors, which 
consists in continuously and progressively 
shifting the poles of one element of the motor 
by alternating currents and magnetizing the 
other element by a direct or continuous cur- iog 
rent, as set forth. 

NIKOLA TESLA. 

Witnesses: 

Frank B. Murphy, 

Frank E. Hartley. 
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2b all whom it may concern* 

Be it known that I, Nikola Tesla, from 
BmtQan, Lika, border country of Austria Hun- 
gary, and now residing at New York, in the 
5 county and State of New York, have invented 
certain new and nsefnl Improvements in Meth- 
ods of Converting and Distributing Electric 
Currents, of which the following is a specifica- 
tion, this application being a division of anap- 
0 plication filed by me December 23, 1887, Serial 
No. 258,787. 

This invention relates to those systems of 
electrical distribution in which a current from 
a single source of supply in a main or trans- 
5 milting circuit is caused to induce, by means 
of suitable induction apparatus, a current or 
currents in an independent working circuit or 
circuits. 

The main objects of the invention are the 
same as have been heretofore obtained by the 
use of these systems — viz., to divide the cur- 
rent from a single source, whereby a number 
of lamps, motors, or other translating devices 
may be independently controlled and operated 
5 by the same source of current, and in some 
cases to reduce a current of high potential in 
tbs main circuit to one of greater quantity and 
•lower potential in the independent consump- 
tion or working circuit or circuits, 
o The general character of the devices em- 
ployed in these systems is now well u nderstood. 
An alternating - current magneto-machine is 
aned as k source of snpply. The current de- 
veloped thereby is conducted through a trans- 
5 aiemon-circnit to- one or more distant points, 
at which the transformers are located. These 
consist of induction-machines of various kinds. 
In some oases ordinary forms of induction- 
eoQ have been used with one coil in the trans- 
a mitting-circuit and the other in a local or con- 
sumption circuit, the coils being differently 
rtioned, according to the work to be 
in the consumption-circuit — that is to 
.my, if the work requires a current of higher 
5- potential than that in the transmission-circuit 
the secondary or indneed coil is of greater 
length and resistance than the primary, while, 
on the other hand, if a quantity current of 
lower potential is wanted, the longer coil is 
o w$M the primary. In lien of these devices 
various forms of electro dynamic induction- 


machines, including the combined motors and 
generators, have been devised. For instance, 
a motor is constructed in accordance with well- 
understood principles, and on the same arma- 55 
tnre are wound indneed coils which constitute 
a generator. The motor coils are generally of 
fine wire and the generator • coils of coarser 
wire, so as to produce a current of greater 
quantity and lower potential than the line-cur- 60 
rent, which is of relatively high potential to 
avoid loss in long transmission. A similar ar- 
rangement is to wind coils corresponding to 
those described on a ring or similar core, and 
by means of a commutator of suitable kind to 65 
direct the current through the inducing coils 
successively, so as to maintain a movement of 
the poles of the core or of the lines of force 
which set up the currents in the induced coils. 

Without enumerating the objections to these 70 
systems in detail, it will suffice to say that the 
theory or the principle of the action or oper- 
ation of these devices has apparently been so 
little understood that their proper construc- 
tion and use have, up to the present time, been 75 
attended with various difficulties and great ex- 
pense. The transformers are very liable to be 
inj nred and burned out, and the means resorted 
to for enring this and other defects have in- 
variably been at the expense of efficiency. I 80 
have discovered a method of conversion and dis- 
tribution, however, which is not subject to the 
defects and objections to which I have alluded, 
and which is both efficient and safe. I secure 
by it a conversion by true dynamic induction 85 
nnder highly efficient conditions and without 
the use of expensive or complicated apparatus 
or moving devices, which in nse wear out and 
require attention. This method consists in 
progressively and continuously shifting the 90 
line or points of maximum effect in an induct- 
ive field across the convolntioas of a coil or 
oonduetor within the influence of said field 
and included in or forming part of a second- 
ary or translating circuit. 95 

In carrying out' my invention I provide a 
series of indncing-coils and corresponding in- 
duced coils which, by preference, I wind upon 
a core closed upon itself— such as an annulus, 
or ring— subdivided in the usual manner. The 100 
two sets of coils are wound side by side or su- 
perposed or otherwise placed in Veil-known 





40 


9 989 


way 8 to bring them into the most effective re- 
lations to one another and to the core. The 
inducing or primary coils wound on the core 
are divided into pairs or sets by thd proper 
$ electrical connections, so that while the coils 
of one pair or set co operate in fixing the mag- 
netic poles of the core at two given diametric 
ally-opposite points the coils of the other pair 
or set — assuming, for the sake of illustration, 
io that there are but two— tend to fix the poles 
at ninety degrees from such points. With this 
induction device I use an alternating- current 
generator with- coils or sets of coils to corre- 
spond with those of the converter, and by means 
15 of suitable conduotorsl connect up in inde- 
pendent circuits the correspond! ng coils of the 
generator and converter. It results from this 
that the different electrical phases in the gen- 
erator are atteuded by corresponding magnetic 
20 changes in the converter; or, in other words, 
that as the generator- coils revolve the points 
of greatest magnetic intensity in the converter 
will be progressively shifted or whirled around. 
This principle I have applied under variously 
15 modified conditions to the operation of elec- 
tro-magnetic motors, and in previous applica- 
tions— notably in those having serial numbers 
252,132 and 256 , 561—1 have described in de- 
tail the manner of constructing and using such 
50 motors. 

In the present application my object is to 
describe the best and most convenient manner 
of which I am at present aware of carrying 
out the invention as applied to a system of 
35 electrical distribution; but one skilled in the 
art will readily understand, from the descrip- 
tion of the modifications proposed in said ap- 
plications, wherein the form of both the gener- 
ator and converter in the present case may be 
40 modified. In illustration, therefore, of the de- 
tails of construction which my present inven- 
tion involves, I now refer to the accompanying 
drawings. 

Figure 1 is a diagrammatic illustration of 
45 the converter and the electrical connections of 
the same. Fig. 2 is a horizontal central cross- 
section of Fig. 1 . Fig. 3 is a diagram of the 
drcuits of the entire system, the generator 
being shown in section. 

50 I use a core, A, which is closed upon itself — 
that is to say, of an annular, cylindrical, or 
equivalent form— and as the efficiency of the 
apparatus is largely increased by the subdi- 
vision of this core I make it of thin strips, 
55 plates, or wires of soft iron electrically insu- 
lated as far as practicable. Upon this core, by 
any well-known method, I wind, say, four coils, 
B B B B', which I use as primary coils, and 
for which I use long lengths of comparatively 
60 fine wire. Over these coils I then wind shorter 
coils of coarser wire, C C C CT, to constitute 
the induced or secondary coils. The construc- 
tion of this or any equivalent form of converter 
may be carried farther, as above pointed out, 
65 by inclosing these coils with iron — as, for ex- 
ample, by winding over the coils a layer or 
layers of insulated iron wire. 
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The device is provided with suitable bind- 
ing-posts, to which the ends of the coils are 
led. The diamelricaily-oppositecoilsB Band 70 
B B' are connected, respectively, in series, and 
the four terminals are connected to the bind- 
ing-posts 1 2 3 4 . The induced- coils are con- 
nected together in any desired manner. For 
example, as shown in Fig. 3 , C 0 may be con- 75 
nected in multiple arc when a quantity cur- 
rent is desired— as for running a group of in- 
candescent lamps, JD — while & C may be in- 
dependently connected in series in a circuit 
including arc lamps DV.or the like. 80 

The generator in this system wiU be adapted 
to the converter in the manner illustrated. 

For example, iu the present case I employ a 
pair of ordinary permanent or electromagnets, 

£ E, between whioh is mounted a cylindrical 8$ 
armature on a shaft, F, and wound with two 
coils, G G\ The terminals of these 'coils are 
connected, respectively, to four insulated con- 
tact or collecting rings, H H H' H', and the 
four line-circuit wires L connect the brushes 90 
K bearing on these rings to the converter in the 
ordershown. Noting the results of this combi- 
nation, it will be observed that at a given point 
of time the coil G is in its neutral position and 
is generating little or no ourrent, while the 95 
other coil, G , is in a position where it exerts its 
maximum effect. Assuming coil G to be con- 
nected in circuit with coils B B of the converter 
and coil G' with coils B B', it is evident that 
the poles of the ring A will be determined by 100 
coils B' B alone; but as the armature of the 
generator revolves, coil G develops more cur- 
rent and coil G' less until G reaches its maxi- 
mom and G' its neutral position. The obvious 
result will be to shift the poles of the ringA 105 
through one quarter of its periphery. The 
movement of the coils through the next quar- 
ter of a turn, during which coil G'entersa field 
of opposite polarity and generates a current 
of opposite direction and increasing strength, 110 
while coil G is passing from its maximum to 
its neutral position, generates a current of de- 
creasing strength and same direction as be- 
fore, and causes a further shifting of the poles 
through the seeond quarter of the ring. The 115 
second half - revolution will obviously be a 
repetition of the same action.* By the shifting 
of the poles of the ring A a power-dynamic in- 
ductive effect on the coils 0 O' is produced. 
Besides the currents generated in the second- 1 ao 
ary coils by dynamo-magnetic induction, other 
correifts will be set up in the same coils in 
consequence of any variations in. the intensity 
of the poles in the ring A. This should be 
avoided by maintaining the intensity of the 125 
les constant, to accomplish which care should 
taken in designing and proportioning the 
generator and in distributing the coils in the 
ring A and balancing their effect. When this 
is done, the currents are produced by dynamo- 130 
magnetic induction only, the same result be- 
ing obtained as though the poles were shifted 
by a commutator with an infinite number of 
segments. 
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Tim apparatus by means of which this 
method of conversion is or may be carried oat 
may be varied almost indefinitely. The spe- 
cific form which I have herein shown I regard 
$ aifche.best and most efficient and in another 
application I have claimed it; but I do not 
limit myself herein to the use of any particu- 
lar form or combination of devices which is or 
may be capable of effecting the same resalt in 
to a similar way. 

What I claim is — 

1 . The method of electrical conversion and 
distribution herein described, which consists 
in continuously and progressively shifting the 
15 points or line of maximum effect in an Induct- 
ire field, and inducing thereby currents In 
the ceils or convolutions of a circuit located 


within the inductive influence of said field, as 
herein set forth. 

2 . The method of electrical conversion and 20 
distribution herein described, which consists 
in generating'in independent circuits produc- 
ing an inductive field alternating currents in 
such order or manner as to produce by their 
conjoint effect a progressive shifting of the 25 

J oints of maximum effect of the field, and in- 
udfig thereby currents in the coils or convo- 
lutions of a circuit located within the induct- 
ive influence of the field, as set forth. 

NIKOLA TESLA. 

Witnesses: 

Frank B. Murphy, 

Frank B. Hartley. 
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Tb all whom it may concern: 

Be it known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
5 siding in the city,, county, and State of New 
York, have invented certain new and useful 
Improvements in Systems of Electrical Dis- 
tribution, of which the following is a specifi- 
cation, reference being had to the drawings ac- 
io cooipanying and forming a part of the same. 
In previous applications lor patents made 
by me I have shown and described electrical 
systems for the transmission of power and the 
conversion and distribution of electrical en- 
>5 ergy, in which the motors and the transformers 
contain two or more coils or sets of coils, which 
were connected up in independent oircuitfi 
with corresponding coils of an alternating-cur- 
rent generator, the operation of the system be- 
zo ing brought about by (he co-operation of the 
alternating currents in the independent cir- 
cuits in progressively moving or Bhilting the 
poles or points of maximum magnetic effect of 
the motors or converters. In these systemh, 
25 as I have described them, two independent 
conductors were employed for each of the 
independent circuits connecting the gener- 
ator with the devices for converting the trans- 
mitted currents into mechanical energy or 
30 into electric currents of another character; 
bnt I have foond that this is not always neces- 
sary, and that the two or more circuits may 
have a single return path or wire in common, 
with a loss, if any, which is so extremely slight 
35 that it may be disregarded entirely. For sake 
of illustration, if the generator have two in- 
dependent coils and the motor two coils or 
two sets of doils in corresponding relations to 
its operative elements one terminal of each 
40 generator- coil is connected to the correspond- 
ing terminals of the motor coils through two 
independent conductors, while the opposite 
terminals of the respective coils are both con- 
nected to one return-wire. 

.45 This invention is applicable to my system 
iii various ways, as will be seen by reference 
to the drawings, in which — 

Figure 1 is a diagrammatic illustration of a 
generator and single motor constructed and 
50 electrically connected in accordance with the 


invention. Fig. 2 is a diagram of the system 
as it is used in operating motors fir converters, 
or both, in parallel or multiple arc. Fig. 3 
illustrates diagram matically the manner of 
operating two or more motors or converters, or 55 
both, in series. 

It is obvious that for purposes of this inven- 
tion motors or transformers, which may be all 
designated as “ converters,” are the same, and 
that either or both may be operated by the 60 
same system or arrangement of circuits. 

Referring to Fig. 1 , A A designate the poles 
of the field-magnets of an alternating-current 
generator, the armature of which, being in 
this case cylindrical in form and mounted on a 65 
shaft, C, is wound longitudinally with coils B 
B'. The shaft G carries three insulated oon- 
tact-rings, a b c, to two of which, as b c , one 
terminal of each coil, as e d, is connected. The 
lemaining terminals, / 0, are both connected 70 
to the third ring, a. 

A motor in this case is Shown as composed 
of a ring, H, wound with four coils, 1 1 J J, 
electrically connected, so as to co operate in 
pairs, with a tendency to fix the poles of the 75 
ring at four points ninety degrees apart. 
Within the magnetic ring H is a disk or cy- 
lindrical core wound with two coils, G G', 
which may be connected to form two closed 
circuits. The terminals j k of the two sets or 80 
pairs of coils are connected, respectively, to 
the’binding-posts E F\and the other termi- 
nals, h », are connected to a single binding- 
post, IT. To operate the motor, three line- 
wires are used to connect the terminals of the 85 
generator with those of the motor. 

So far as the apparent action or mode of 
operation of this arrangement is concerned, 
the single wire D, which is, so to speak, acorn- 
mon return-wire for both circuits, maybe re- 90 
garded as two independent wires. In illus- 
tration, with the order of connection shown, 
coil B' of the generator is producing its maxi- 
mum current and coil B its minimum'; hence 
the current which passes throogh wires, ring 95 
&, brush b\ line-wire E, terminal S', wire j, 
coils I I, wire or terminal D', line- wire D, 
brush a', ring a, and wire/, fixes the polar 
line of the motor midway between the two 
coils 1 1 ; but as the coil B' moves from the po- 100 
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sitioD indicated it generates le« current, while 
coil B, moving into the field, generates more. 
The current from coil 6 passes through the 
devices and wires designated by the lettere d,* 
5 e, F, F', A, J J, ♦, D\ D, s', a, and g, and 
the position of the poles of the motor will be 
doe to the resultant effect of the currents in 
the two sets of coils— that is, it will be ad- 
vanced in proportion to the advance or for- 
io ward movement of the armature coils. The 
movement of the generator-armature through 
j one quarter of a revolution will obviously 
I bring coil into its neutral position and coil 
B into its position of maximum effect, and 
15 this shifts the poles ninety degrees, as they are 
fixed solely by coils B. This action is re- 
peated for each qoarter of a complete devolu- 
tion. 

When more than one motor or other device 
30 is employed, they may be run either in paral- 
> lei or series. In Fig. 2 the former arrangement 
is shown. The electrical device is shown as 
a converter, L, constructed as I have described 
in my application Serial No. 268,787, filed 
15 December 23, 1887. The two sets of primary 
coils p r are connected, respectively, to the 
mains F E, which are electrically connected 
with the two coils of the generator. The 
cross-circuit wires l m, making these conneo- 
jo lions, are then connected to the common re- 
turn- wire D. The secondary coils p'jp” are i n 
drenits » o, including, for example, incan- 
descent lamps. Only one converter is shown 
entire in this figure, the others being illus- 
35 bated diagrammatioally. 

When motors or converters are to be ran iu 
series, the two wires B F are led from the gen- 
erator to the coils of the first motor or con- 
verter, then continued bn to the next, and so 
40 on through the whole series, and are then 
joined to the single wire D, which completes 
both circuits through the generator. This is 
shown in Fig. 3, iu which J I represent the 
two coils or sets of coils of the motors. 

45 Obviously it is immaterial to the operation 
of the motor or equivalent device in Fig. 1 
what order of connections is observed between 
the respective terminals of the generator or 
motor. 

20 I have described the invention in its best 
and most practicable • form of which I am 
aware; but there are other conditions under 
which it may be carried out. For example, in 
rase the motor and generator each has three in- 
55 dependent circuits, one terminal of each cir- 
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cnit is connected to a line-wire and ilie other 
three terminals to a common return -conductor. 

This arrangement will seen re similar results to 
those attained with ageneratorand motor hav- 
ing bat two independent circuits, as above de- 60 
scribed. 

When applied to snch machines and motors 
as have three or more induced circuits with a 
common electrical joint, the three or more ter- 
minals of the generator wonld be simply oon- 65 
nected to those of the motor. Such forms of 
machines, when adapted in this manner to my 
system, I have, however, found to be less effi- 
cient than the others. 

The invention is applicable to machines and 70 
motors of various types, and according to cir- 
cn instances and conditions readily understood, 
with more or less efficient results. 1 do not 
therefore limit myself to any of the details of 
constr notion of the apparatus herein shown. 75 

What I claim is— 

1. The combination, with a generator hav- 
ing independent carrentgenerating circuits 
and a converter or converters having inde- 
pendent and corresponding circuits, of inde- 80 
pendent conductors connecting one terminal 

of each generator-circuit with a corresponding 
terminal of the motor and a single conductor 
connecting the remaining generator and con- 
verter terminals, as set forth. 85 

2. The combination, with a generator hav- 
ing independent current-generating circuits 
and a converter or converters having inde- 
pendent and corresponding circuits, of inde- 
pendent line or connecting circnits formed in 90 
part through a conductor common to all, as 
set forth. 

3. The system of electrical distribution 
herein set forth, consisting of the combina 
tion, with an alternating -current generator 95 
having independent generating-circnits and * 
electro magnetic motors or converters pro- 
vided with corresponding energizing-circuits, 

,of line wires or conductors connecting the coils 

of the motors or converters, respectively, in ido 
series with one terminal of each circuit of the 
generator, and a single return wire or com 
dnetor connecting the said conductors with 
the oiher terminals of the generator, as set 
forth. 

NIKOLA. TESLA. 

Witnesses: 

Rout. F. Gaylord, 

Frank E. Hartley. 
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To all whom it may concern: 

Re it known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, 
5 now residing at New York, in the county and 
State of New York, hare invented certain new 
*hd useful Improvements in Dynamo- Electric 
Machines, of which the following is a specifi- 
cation, reference being had to the drawings 
io accompanying and forming a part of the Bame. 

Incertain patents granted to Charles F. Peck 
and myself— notably in Patents No. 381,968 
and No. 382,280, May 1, 1888 — I have shown 
and described a plan of constructing and oper- 
15 ating motors, transformers, and the like, by al- 
ternating currents conveyed through two or 
more Independent circuits from a generator 
having- such relation to the motors or trans- 
formers as to produce therein a progressive 
20 movement of the magnetic poles or lines of 
force. In the said applications the descrip- 
tions and illustrations of the generators were 
confined to those types of alternating enrrent 
machine in which the enrrent- generating coils 
25 are independent or separate; bnt I have found 
that the ordinary forms of oontinoons-cnrrent 
dynamos now in nse may be readily and cheaply 
adapted to my system, or utilized both as con- 
ti noons and alternating current generators 
30 with bnt slight changes in their construction. 
The mode of effecting this forms the snbstance 
of ray present application. 

Generally stated, the plan pursued by me in 
carrying out this invention is as follows: On 
J5 the shaft of a given generator, either io place 
of or in addition to the regnlar commutator, 
I secure as many pairs of insulated collecting- 
rings as there are circuits to be formed. Now, 
it will be understood that in the operation of 
40 any dynamo electric generator the currents in 
the coils in their movement through the field 
• of force undergo different phases — that is to 
say, at different positions of the coils the cur- 
rents have certain directions and certain 
45 strengths — and that in my improved motors or 
transformers it is necessary that the currents 
in the energizing-coils should undergo a cer- 
tain order of variations in strength and direc- 
tion. Hence, the further step — viz, the con- 
50 nection between the induced or generating 
coils of the machine and the contact- rings from 
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which the currents arc to be taken off— will 
be determined solely by what order of varia- 
tions of strength aud direction in the currents 
is desired for producing a given result in the 55 
electrical t ranslating device. This may be ac- 
complished in varions ways; but in the draw- 
ings I have given typical instances only of the 
be3tand most practicable ways of applying the 
invention to three of the best-known types of 60 
machines, in order to illustrate the principle 
and to enable any one skilled in the art to ap- 
ply the invention in any other case or under 
any modified conditions which the circum- 
stances of particular cases may require. 65 
Figure 1 is a diagram illustrative of the 
mode of applying the invention to the well- 
known type of closed or continuous circuit 
machines. Fig. 2 is a similar diagram con- 
taining an armature with separate coils con- 7c 
nected diametrically, or what is generally 
called an “open circuit” machine. Fig. 3 is 
a diagram showing the application of the in- 
vention to a machine the armature-coils of 
which have a common joint. 75 

Referri ng to Fig. 1, let A represent one of my 
improved motors or transformers, which, for 
convenience, I shall designate a “converter,” 
which consists of an annular core, B, wound 
with fonr independent coils, C and D, those 80 
diametrically opposite being connected to- 
gether so as to co operate in pairs in estab- 
lishing free poles in the ring, the tendency of 
each pair being to fix the poles at ninety de- 
grees from the other. There may be an arma- 85 
ture, E, within the ring, which is wound with 
coils closed upon themselves. The object is 
to pass through coils G D currents of such 
relative strength and direction as to produce 
a progressive shifting or movement of the 90 
points of maximum magnetic effect around the 
ring, and to thereby maintain a rotary move- 
ment of the armature. I therefore secure to 
the shaft F of the generator four insulated 
contact- rings, abed , upon which I cause to 95 
bear the collecting-brushes a' 6 V<f, connected 
by wires G G H H, respectively, with the 
terminals of coils C and D. 

Assume, for sake of illustration, that the 
coils D D are to receive the maximum and 100 
coils C C at the same instant the minimum 
enrrent, so that the polar line may be midway 
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between the coils D P, the rings a h wonld 
therefore be connected to the continuous ar- 
mature-coil at its neutral points with respect 
to the field. or the point corresponding with 
5 that of the ordinary com mutator- brushes, and 
between which exists the greatest difference 
of potential, while rings c d would be con- 
nected to two points in the coil, between which 
exists no difference of potential. The best re- 
io Knits will be obtained by making these* con- 
nections at points equidistant from one an- 
other, as shown. These connections are easi- 
est made by using wires L between the rings 
and the loops or wires J, connecting the coil I 
15 to the segments of the commutator K. When 
the converters are made in this manner, it is 
evident that the phases of the currents in the 
sec.ionsof the generator coil will be repro 
duced in the converter coils. For example, 
2c after turning through an arc of ninety degrees 
llie conductors L L, which before conveyed 
the maximum current, will receive the mini- 
um ni current by reason of the change in the 
position of their coils, and it is evident that 
25 for the same reason - the current in said coils 
has gradually fallen from the maximum to the 
roinimnm in passing through the arc of ninety 
degrees. In this special plau of connections 
the rotation of the magnetic poles of the con- 
30 verter will be synchronous with that of the 
armature coils of the generator, and the result 
will Xte the same, whether the energizing cir- 
cuits are derivations from a continuous arma- 
ture-coil or from independent coils, as in my 
35 previous devices. 

I have shown in Fig. 1, in dotted lines, the 
brushes M M in their proper normal position. 
In practice these brnshes may be removed 
from the commutator and the field of the gen- 
40 erator excited by an external source of cur- 
rent; or the brnshes may be allowed to remain 
on the commutator and to take off a converted 
current to excite the field j or to be used for 
other purposes. 

45 In a certain well-koowu class of machines 
the armature contains a number of coils the 
terminals of which connect to commutator- 
segments, the coils being connected across the 
armature iu pairs. This type of machine is 
50 represented in Fig. 2. In this machine each 
pair of coils goes through the same phases as 
the coils in some of the generators I have 
shown, and it is obviously only necessary to 
utilize them in pairs or sets to operate one of 
55 my converters by extending the segments of 
the commutators belonging to each pair of 
coils and causing a collecting-brush to bear on 
the continuous portion -of each segments In 
this way two or more circuits may be taken 
60 pff from the generator, each including one or 
more pairs or sets of coils, as may be desired. 

In Fig. 2 1 1 represent the armature-coils, 
TT the poles of the field- magnet, and F the 
shaft carrying the commutators, which are ex- 


tended to form continuous portions ah c d. 65 
The brushes bearing on the continuous por- 
tions for taking off the alternating currents 
are represented by a' b' <f (T. The collecting- 
brushes, or those which may be used to take 
off the direct current, are designs ted by M M. 70 
Two pairs of the armature - coils and their 
commutators are shown iu the figure as being 
utilized; but all mav be utilized in a similar 
manner. 

There is another well-known type of ilia- 75 
chine in which three or more^coils, A' B' O', 
on the armature have a common joint, the 
free ends being connected to the segments of a 
commutator. This form of generator is illus- 
trated in Fig. 3 . In this case each terminal 80 
of the generator is connected directly or in 
derivation to a continuous ring, ab c, and col- 
lecting brashes a ' 5 V, bearing thereon, take off 
the alternating currents that operate the mo- 
tor. It is preferable in this case to employ a 85 
motor or transformer with three energizing- 
coils, A" B" C", placed symmetrically with 
those of the generator, and the circuits from 
the latter are connected to the terminals of 
such coils either directly — as when they are 90 
stationary— or by means of brashest and con- 
tact-rings e. In this, as in the other cases, the 
ordinary commutator may be used on the gen- 
erator, and the current taken from it utilized 
for exciting the generator field-magnets or for 95 
other purposes. 

These examples serve to illustrate the prin- 
ciple of the iuventioo. It will be observed 
that iu any case it is necessary only to add the 
contiqnons contact or collecting rings and to 100 
establish the connections between them and 
the appropriate eoils. 

It will be understood that this invention is 
applicable to other types of machiue — as, for 
example, those by which the iqduced coils are 105 
stationary and the brushes and magnet re- 
volve; but the manner of its application is 
obvious to oue skilled in the art. 

Ilaving now described my invention, what I 
claim is— 110 

1. The combination, with a converter hav- 
ing independent energizing-coils, of a continu- 
ous or direct current dynamo or magneto ma- 
chine, and intermediate circuits permanently 
connected at suitable points to the induced or 115, 
generating coils of the generator, as herein set 
forth. 

2 . The combination, with a converter pro- 
vided with independent energizing-circuits, of 

a continuous or direct current generator pro- 120 
vided with continuous collecting- rings con- 
nected in derivation to the armature-coils to 
form the terminals of circuits corresponding 
to those of the converter, as herein set forth. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Frank B. Murphy. 
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N. TESLA. 
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To all whom it may concern* 

Be ifc known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, now 
5 residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electric Generators, of 
* which the following is a specification, reference 
being had to the drawing accompanying and 
io forming a part of the same. 

My present invention relates, chiefly, to the 
alternating-current system invented by me 
and described in prior patents, notably Nos. 
. 181,968 and 382 , 280 , of May 1 , 1888 , in which 
15 the motors or transformers, or generally the 
converters, are operated by a progressive shift- 
ing or movement of their magnetic poles pro- 
duced by the co operative action of independ- 
ent. magnetizing- coils through which pass al- 
so ternating currents in proper order and direc- 
tion. In my said system, as I have heretofore 
shown, I employed a generator of alternating 
cnrrenl8 in which there were independent in- 
duced or generating coils corresponding to the 
25 energizing-coils of the converter, and the re- 
lations of the generator and converters were 
generally such that the speed of rotation of 
the magnetic poles of the converter equaled 
that of the armature of the generator. 

30 To secure the greatest efficiency, it is neces- 
sary to run the machines at a high speed, and 
this is true not only of those generators and 
motors which are particularly adapted for use 
in my system, but of others. The practica- 
35 bility of running at very high speeds, how- 
ever, particularly in the case of large genera- 
tors, is limited by mechanical conditions, in 
seeking to avoid which I have devised various 
plans for operating the system under efficient 
40 conditions, although running the generator at 
a comparatively low rate of speed. 

My present invention consists of another 
way of accomplishing this result, which in 
certain respects presents many advantages. 
45 According to the invention, in lieu of driving 
the armature of the generator at a high rate 
of speed, I produce a rotation of the magnetic 
poles of one element of the generator and drive 
the other at a different speed, by which si mi- 
50 lar results are obtained to those secured by a 
Japid rotation of one of the elements. 


I shall describe this invention by reference 
to the diagram drawing hereto annexed. 

The generator which supplies the current 
for operating the motors or transformers con- 55 
sists in this instance of a subdivided ring or 
annular core wound with four diaruetrically- 
opposite coils, EE\ Within the ring is mounted 
a cylindrical armature-core wound longitudi- 
nally with two independent coils, F F', the 60 
ends of which lead, respectively, to two pairs of 
insulated contact or collecting rings, DD'G G', 
on the armature shaft. Collecting-brushes d * 
cC g bear upon these rings, respectively, and 
convey the currents through the two independ- 65 
ent line circuits M M'. In the main line there 
may be included one or more motors or trans- 
formers, or both. If motors be used, they are 
constructed in accordance with my invention 
with independent coils or sets of coils J J', in- 70 
eluded, respectively, in the circuits M M\ 
These energizing-coils are wound on a ring or 
annular field or on pole pieces thereon, and 
produce by the action of the alternating cur- 
rents passing through them a progressive 75 
shifting of the magnetism from pole to pole. 

The cylindrical armature II of the motor is 
wound with two coils at right angles, which 
form independent closed circuits. * 

If transformers be employed, I connect one 80 
set of the primary coils, as N N, wound on a 
ring or annular core, to one circuit, as M', and 
the other primary coils, N' N', to the circuit 
M. The secondary coils K K' may then be 
utilized for running groups of incandescent 85 
lamps P P\ 

With the generator I employ an exciter. 

This consists of two poles, A A, of steel per- 
manently magnetized, or of iron excited by a 
battery or other generator of continuous cur- 90 
rents, and a cylindrical armature-core mounted 
on a shaft, B, and wound with two longitudi- 
nal coils, C C\ One end of each of these coils 
is connected to the collecting-rings b c, respect- 
ively, while the other euds are both connected 95 
to a ring, a. Collecting- brushes b' c' bear on 
the rings b c, respectively, and conductors L 
L convey the currents therefrom through the 
coils E and E* of the generator. L' is a com- 
mon return-wire to brush 0 , '. Two independ- 100 
ent circuits are thus formed, one including 
coils C of the exciter and E E of the generator, 
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the other coils C of the exciter and If If of at a rate of speed equal to the snm of the 
the generator. It results from this that the speeds of the armature and maguetio poles of 
opemtion of the exciter produces a progressive the generator, so that a. comparatively low 70 
movement of the magnetic poles of the annn- speed of the generator armature will produce 
lar field-core of the generator, the shifting or a high speed in the motor, 
rotary movement of said poles being synch- It will be observed in connection with this 
ronous with the rotation of the exciter -arma- system that on diminishing the resistance of 
tore. Considering the operative conditions of the external circuit of the generator-armature 75 
a system thus established, it will be found that by checking the speed of the motor or by add- 
when the exciter is driven so as to energize ing translating devices in multiple arc in the 
the field of. the generator the armature of the secondary circuit or circuits of the transformer 
latter, if left free to turn, would rotate at a the strength of the current in the armature- 
speed practically the same as that of the ex- circuit is greatly increased. This is due to two 80 
eiter. If under such conditions the coils F causes: first, to the great differences in the 
F' of the generator-armature be closed upon speeds of the motor and generator, and, sec- 
themselves or short-circuited, no currents, at ondly, to the fact that the apparatus follows 
least theoretically, will be generated in the the analogy of a transformer, for, in propor- 
said armature-coils. In practice I have ob- tion as the resistance of the armature or sec- 85 
served the presence of slight currents, the ex ondary circuits is reduced, the strength of the 
Istence of which is attributable to more or less currents in the field or primary circuits of the 
pronounced fluctuations in the intensity of the generator is increased and the currents in the 
magnetic poles of the generator ring. So, if armature augmented correspondingly. For 
the armature-coils F F be closed through the similar reasons the currents in the armature- 90 
motor, the latter will not be turned as long as coils of the generator increase very rapidly 
the movement of the generator- armature is when the speed of the armature is reduced 
syntiironoos with that of the exciter or of the when running in the same direction as the 
magnetic poles of its field. If, on the con- magnetic poles or conversely, 
trary, .the speed of the generator armature be It will be understood from the above de- 95 
in any way checked, so that the shifting or ro- scription that the generator-armature may be 
tatlon of the poles of the field becomes rela- run in the direction of the shifting of the mag- 
tively more rapid, currents will be induced in netic poles, but more rapidly, and that in such 
the armature-coils. This obviously follows case the speed of the motor will be equal to 
from the passing of the lines of force across the difference between the two rates. 100 

the armature - conductors. The greater the In many applications to electrical cou version 
speed of rotation of the magnetic poles rela- and distribution this system possesses great 
tively to that of the armature the more rap- advantages both in economy, efficiency, and 
Idly the currents developed in the coils of the practicability. 

latter will follow one another, and the more What I claim is — 105 

rapidly the motor will revolve in response 1 . The combi nation, with an alternating cur- 
thereto, and this continues until the armature- rent generator having independent energizing 
generator is stopped entirely, as by a brake, or field and independent induced or arma- 
when the motor, if properly constructed, runs ture coils, of an alternating - current exciter 
at the same speed with which the magnetic having generating or induced coils corre- no 
poles of the generator rotate. spondi ng to and connected with the ene^izing- 

The effective strength of the currents devel- coils of the generator, as set forth, 
oped in the armatnre-coils of the generator is 2 . In an alternating-current generator, the 
dependent upon the strength of the currents combination of the elements named aud co- 
energiziiig the generator and upon the nnm- operatively associated in the following man- 115 
her of rotations per nnit of time of the mag- ner: a field-magnet wound with independent 
netio poles of the generator; hence the speed coils each connected with a source of alternate 
of tiie motor- armature will depend in all cases ing currents, whereby the magnetic poles pro- 
upon the relative speeds of the armature of dtioed by said coils will be progressively 
the generator and of its magnetic poles. For shifted or moved through the field, and an 120 
example, if the poles are tnrned two thousand armature-core wound with independent coils, 
times per unit of time and the armature is each having terminals from which curreuts 
turned eight hundred, the motor will turn are delivered to the independent external cir- 
twelve hundred times, or nearly so. Very cuits. 

alight differences of speed may be indicated by 3 . The system of electrical distribution con- 1 25 

a delicately-balanced motor. sisting of the combination, with an alter nat- 

Let it now be assumed that power is applied ing -current generator having independent 
to the generator-armature to turn it in a di- energizing-coils and an armature wound with 
section opposite to that in which its magnetic independent induced coils, of an alternating- 
poles rotate. In such case the result would enrrent exciter having indneed coils corre- 130 
be similar to that produced by a generator the spondi ng'to and connected with the energizing- 
armatufe and field-magnets of which are ro- coils of the generator, and one or more electri- 
fated in opposite directions, and by reason of cal converters having independent inducing 
these conditions the motor-armature will turn or energizing coils connected with the corre- 
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J* mature coils of the generator, as having induced or generating coils correspond- 

brth. ing to and connected with the energising-coils 

mbi nation, with an alternating-cur- of the generator, as set forth. 

itor having a field-magnet wound NIKOLA. TESLA. 

indent energising - coils and an Witnesses: 

idapted to be rotated within the Bobt. F. Gaylou>, 

ced by said magnet, of an exciter Parker W. Page. 
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ns of the magnetic poles of themotna; hot 
the invention m aim applicable to other pgr- 
15 poses, aa will hereinafter appear. I employ 
the icgnhtor for the perpoee of varying the 
■peed oftbese motors. 

The regulator proper eonaiata of a form, of 
eoiiYerter or transformer with one element ca~ 
jo fable of movement with respect to the other, 
whereby theinduetiverelations may be altered, 
either mannally or antomaticaUv t for the par* 
pose of varying the strength of the indnoed 
current. I prefer to construct this device in* 
35 saeh manner that the indoced or secondary 
element may be movable with reapeet to the 
other; and the improvement, so for as relates 
merely to the construction of the device itaelf, 
consists, essentially, in the combination, with 
40 two opposite magnetic poles, of an armature 
wound with an insulated coil and mounted on 
a shaft, whereby it may be turned to the dc- 
sired extent within the field produced by the 
poles* The normal position of the oore of the 
45 secondary element is that in which it mbit 
completely doses the magnetic drouit between 
the poles of the primary dement, and in this 
position its coil is in its most effective position 
for die inductive action upon it of the primary 
50 cells; but by taming the movable core to 
either aide the induced currents delivered by 


| da mil beca m e wea k er until, bp % mov em e nt 
of tkneead mm and ceil through ninety 4 % 
greet theca vttt be no current delivered. 

The eeemrerrtnn of mm device* broadly* i 55 
do not daim as of my invention* but this* to 
gather with the manner of applviim and using 
the snm* which forms the subject of my in 
va a t ion» 1 will now explain by reference to 
the nceempnnytng hteitat t* 

Figure x is a view in tide elevation of the 
regulator. Flm 3 is a broken section online 
* # ef Fig* l* rig. $ la tfeffin Uleatatiiig 
the p r efetie d manner of *pf 3 yieg the sage 
later to ordinary forum ef motors* and ffcb 4 it 
in a timilar diagram iUnstmtlsg the eppwim 
lien of the dev ice to my improved alternating' 
car re a l moton* 

The legnfefenr map ha const r ucted in many 
wnpa In secure the desired result; bat in tab |e 
best form of which 1 am now aware it la shown 
la Figa laadA 

▲ repr cs sats a ftame of iron* and I would 
here state that the plan which la now invari- 
ably followed of dividing up all lion cores 
which are selected to tho iuftuoaoo of alter- 
nating currents should ho adopted la the con- 
struction of this device, 

B B are the cores of the inducing or pri- 
mary coils 0 C,tald eorcs being intajjmlwUh So 
or bolted to the frame A lu any weilhnewn 

la a abaft mounted in the lido bare* J>\ 
and on which is secured a sectional Iron core* 

E, wound with an induced or secondary coll, ij 

F, the convolutions of which are parallel with 
the axis of tbs shaft. The ends of the oore 
are ronnded off, so m to At closely in the space 
between the two poles and permit the oore ti 

to be turned. A handle, Q secured to the 90 
projecting end of the shaft D, is provided for 
this purpose. 

Any means may be employed for maintain- 
ing the oore and secondary ooll tn any given 
position to whioh it is turned by the handle, 93 

The operation or effect of the device will bs 
understood by refereuos to the diagrams Illus- 
trating the manner of its application. 

In Fig. 3 , lot H represent au ordinary alter- 
nating-current generator, the Acid magnets of 100 
which are eioited by a suitable son ass of onr 
rant, I. Let J designate an ordinary form of 
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electro - magnetic motor provided with an 
armature, K, commutator L» end field-mag- 
nets 1 L It is well known that sack a motor, 
if its field-magneto* oores be divided op into 
5 insulated sections, may be practically oper- 
ated by an alternating current} bat in using 
my regulator with such a motor I include one 
element of the motor only — say the arms ta re- 
coils — in the main drouit of the generator, 
10 smking the connections through the brashes 
and the commutator in the nsoal way. I also 
include one of the elements of the regulator— 
any the stationary coils— in the same circuit, 
and in the circuit with the secondary or mov- 
15 able coil of the regulator I connect up the 
field-coils of the motor. . I prefer to use flexi- 
ble conductors to make the connections from 
the secondary coil of the regulator, as I there- 
by avoid the use of sliding oontacts or rings 
20 without interfering with the requisite move- 
ment of the core E. 

If the regulator be in its normal positioner 
that in which its magnetic drouit is most 
nearly dosed, it delivers its maximum induced 
*5 current, the phases of which so correspond 
with those of the primary current that the 
motor will ran as though both Add sod arma- 
ture were excited by the main current. 

To vary the speed of the motor to any rate 
50 between the minimum and maximum rates, 
the bore E and coils F are turned in either di- 
rection to an extent which prodaces the de- 
sired result, for in its normal position the con- 
volutions of coil F embraoe the maximum 
g5 number of lines of force, all of which act with 
the some effect upon said coll: hence it will 
ddiver its maximum current; bat by turning 
the coil F oat of its position of maximum ef- 
fect the number of lirics of force embraced by 
40 it is diminished. The indurti ve effect is there- 
fore impaired, and the current delivered by 
coil F will continue to diminish in proportion 
to the angle at which the coil F is turned un- 
til after passing through an angle of ninety 
45 degrees, the convolutions of the coil will be at 
iTO>t angles to those of coils G G, and the in- 
ductive effect reduced to a minimum. 

Incidentally to certain constructions, other 
causes may influence the variation in the 
50 strength of the induced currents. For exam- 
ple, in the present case.it will be observed 
that by the first movement of coil F a certain 
portion of its convolutions are oarried tffcyond 
the line of the direct influence of the lira of 
55 force, and that the magnetic path or oircuit 
for said lines is impaired: hence the inductive 
effect would be reduced. Next, that after 
moving through a certain angle, which is ob- 
viously determined by the relative dimensions 
60 of the bobbin or coil F, diagonally- opposite 
portions of the coil will besimnltaneonaly in- 
cloded in the field, but in such positions that 
the lines which produce a current-impulse in 
one portion of the coil in a certain direction 
65 will produce in the diagonally-opposite par- 
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Uon a corresponding impulse in the opposite 
direction; hence portions of the eurrent will 
neutralise one another. 

As before Stated, the mechanical construc- 
tion of the device may be greatly varied; but 70 
the essential conditions of the invention will 
be fulfilled In any apparatus in which the 
movement of the elements with respect to one 
another effects the same results by varyinglthe 
inductive relations of the two elements In a 75 
manner similar to that described. 

It may also be stated that the core E is not 
indispensable to the operation of the regula- 
tor: but Its presence is obviously benefioial. 

This regulator, however, has another valnable 80 
property in its capability of reversing the mo- 
tor, for if the coil F be turned through a half- 
revolution the position of its convolntions 
relatively to the two coils G G and the lines . 
of force is reversed, and consequently the 85 
phases of the current will be reversed. This 
will produce a rotation of the motor in an op- 
posite direction. This form of regulator is 
also applied with great advantage to my sys- 
tem of utilizing alternating cnrrents,iu which 90 
the magnetic poles of the field of a motor are 
progressively shifted by means of the com- 
bined effects upon the field of magnetizing- 
coils included in independent circuits, through 
whioh pass alternating currents in propor or 95 
der ana relations to each other. 

In illustration, let P represent one of my 
generators having two independent coils, P* 
and P", on the armature, and T a diagram of 
a motor having two independent energising- 100 
coils or sets of coils, B B . One of the cir- 
cuits from the generator, as S' 8', includes one 
set, S' R*, of the energizing-coils of the motor, 
while the other circuit, as S 8, includes the 
primary coils of the regulator. The second- 105 
ary coll of the regulator includes the other 
sciils, B B, of the motor. 

While the secondary coil of the regulator is 
in its normal position it produoes us maxi- 
mum current, and the maximum rotary effect no 
is imparted to the motor; but this effect will 
be diminished in proportion to the angle at 
which the coil F of the regulator is turned. 

The motor will also be reversed by reversing 
the position of the coil with reference to the 115 ’ 
coils G C, and thereby reversing the phases of 
the current produced by the generator. Thia 
changes the direction of the movement of the 
shifting poles whioh the armature follows. 

One of the main advantages of this plan of tao 
regulation is its economy of power. When 
the indaoed coil is generating its maximum 
current, the maxiipam amount of energy In the 
primary coils is absorbed; but as the induced 
coil is turned from its normal position the 125 
self-induction of the primary coils reduces the 
expenditure of energy and savee power. 

It is obvious that in praqtioe either coils G 
G or ooil F may be used as primary er second- 
ary, and it is well understood that their rela- vyo 
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tive proportions may be varied to prodnoo 
any desired difference or similarity in the in- 
ducing and indneed currents. 

I am aware that it is not new to Yary the 
5 secondary current of an indootion-ooil by mov- 
ing one coil with respect to the other, and 
thereby varying the inductive relations nor- 
mally existing between the two. This I do 
not Claim. 

io What I claim is— 

1 . The combination, with a potoc haring in- 
dependent energising-circai te, of an alternat- 
ing-current regulator, consisting, essentially, 
oflndueing and indoeed coils movabls with 
15 respect to one another, whereby the strength 
of the Indneed currents may be varied, the in- 
dneed coils being Included In and adapted to 


supply the current for one of the motor-dr- 
euite, as set forth. 

2. The combination, with a motor adapted so 
to be ran or operated by alternating currents 
and provided with Independent energising- 
coils, of a regulator consisting of stationary 
Indadng-eoils and an induced ooil capable of 
being rotated, whereby it may be turned to a 25 
greater or less angle to the primary coils, or its 
position with respect thereto reversed, the in- 
duced ooil or ooils being indnded in and 
adapted to supply the entrant for one of the 
motor-dreuits, ns set forth. 

NIKOLA TESLA. 

Witnesses: 

Bonr. F. QiTLOED, 

Frank B. Murphy. 
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To all whom it may concern; 

Be it known that I, Nikola Tesla, a sob- 
| ject of the Emperor of Austria, from Smiljan, 

I Lika, border eountry of Austria-Hungary, and 

5 residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Methods of Operating 
Electro-Magnetic Motors, of which the follow- 
ing is a specification, reference being had to 
to the drawings accompanying and forming a 
part of the same. 

As is well known, certain forms of alternat- 
ing-current machines have the property, when 
connected in circuit with an alternating-cur- 
15 rent generator, of running as a motor in syn- 
chronism therewith ; but, while the alternating 
l current will run the motor after it has attained 

a rate of speed synchronous with that of the 

g enerator, it will not start it lienee, in all 
stances heretofore where these “synchro- 
nizing-motors,” as they are termed, have been 
run some means have been adopted to bring 
the motors up to synchronism with the gen- 
erator, or approximately so, before the alter- 
*3 sating current of the generator is applied to 
drive them. In some instances mechanical 
appliances have been utilized for this pur- 
pose. In others special and complicated forms 
1 of motor have been constructed. I have dis- 
30 covered a much more simple method or plan 
t of operating synchronizing-motors, which re- 
quires practically no other apparatus than 
tiie motor itself. In other words, by a cer- 
tain change in the dreuit-conneetions of the 
35 motor I convert it at will from a double-cir- 
cuit motor, or snch as I have described in 
prior patents and applications, and which will 
start under the action of an alternating cur- 
rent into a synchronizing-motor, or one which 
40 will be run by the generator only when it has* 
reached a certain speed of rotation synchro- 
nous with that of the generator. In this 
manner I am enabled to very greatly extend 
the applications of my system and to secure 
45 all the advantages of both forms of altemat- 
ing-current motor. 

The expression “synchronous with that of 
the generator,” is used herein in its ordinary 
acceptation— that is to say, a motor is said to 
50 synchronize with the generator when it pre- 
serves a certain relative speed determined by 
ts number of poles and the number of alter- ; 


nations produced per revolution of the gener- 
ator. Its actual speed, therefore, may lie faster 
or slower than that of the generator; but it is 35 
said to be synchronous so long as it preserves 
the same relative speed. 

In carrying out my invention I construct a 
motor which has a strong tendency to synch- 
ronism with the generator. The construe- 60 
tion which I prefer fot this is that in which 
the armature is provided with polar projec- 4 
tkras. The field-magnets are wound with two 
sets of coils, the terminals of which are con- 
nected to a switch mechanism, by means of 65 
which the line-current may be oarned directly 
through the said coils or indirectly through 
paths by which Its phases are modified. To 
start such a motor, the switch is turned onto 
a set of contacts which includes in one motor- 70 
circuit a dead resistance, in the other an in- 
ductive resistance, and, the two circuits being 
in derivation, it is obvious that the difference 
in phase of the current in such circuits will 
set up a rotation of the motor. When the 75 
speed of the motor has thus been brought to 
the desired rate, the switch is shifted to throw 
the main current directly through the motor- 
circuits, and although the currents in both 
circuits will now be of the same phase the 80 
motor will contiuuo to revolve, becoming a 
true synchronous motor. To secure greater 
efficiency, I wind the armature or its polar pro- 
jections with coils closed on thomselves. 
There are various modifications and impor- 85 
tant features of this method or plan; but the 
main principle of the invention will be under- 
stood from the foregoing. 

In the drawings, to which I now refer, I 
have illustrated by the diagrams the general 90 
features of construction and operation which 
distinguish my invention, Figure 1 being 
drawn to illustrate the details of the plan 
above set forth, and Figs. 2 and 3 modifica- 
tions of the same. 95 

Referring to Fig. 1, let A designate the field- 
magnets of a motor, the polar projections of 
which are wound with coils B C included in 
independent circuits, and D the armature 
with polar projections Wound with coils E 100 
dosed upon themselves, the motor in these 
respects being similar in construction to those 
described in my patent, No. 382,270, dated 
May 1, 1888, but having, by reason of the 
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polar projections on the armature-core or 
other similar and well-known features, the 
properties of a synchronizing-motor. 

L L' represent the conductors of a line from 
5 an alternating-current generator G. 

Near the motor is placed a switch the ac- 
tion of which is that of the one shown in the 
drawings, which is constructed as follows: F 
F' are two conducting plates or arms, pivoted 
io at their ends and connected by an Insulating 
cross-bar, H, so as to be shifted in parallel- 
ism. In the path of the bars F F' is the con- 
tact 2, which forms one terminal of the cir- 
cuit through coils C, and the contact 4, which 
15 is one terminal of the circuit through coils B. 
The opposite end of the wire of coils C is con- 
nected to the wire L or bar F', and the corre- 
sponding end of coils B- is connected to wire 
1/ and bar F; hence if the bars be shifted so 
20 as to bear on contacts 2 and 4 both sets of 
coils B C will be included in the circuit L L' 
in multiple arc or derivation. In the path of 
the levers F F' are two other contact-termi- 
nals, 1 and 3. The contact 1 is connected to 
25 contact 2 through an artificial resistance, I, 
and contact 3 with contact 4 through a self- 
induction coil, J, so that when the switch-le- 
vers are shifted onto the points 1 and 3 the 
circuits of coils B and C will be connected in 
30 multiple arc or derivation to the circuit L I/, 
and will include the resistance and self-in- 
duction coil, respectively. A third position 
of the switch is that in which the levers F and 
F' are shifted out of contact with both sets of 
35 points. In this case the motor is entirely out 
of circuit. 

The purpose and manner of operating the 
motor by these devices are as follows: The 
normal position of the switch, the motor be- 
40 mg out of circuit, is off the contact-points. 
Assuming the generator to be running, and 
that it is desired to start the motor, the switch 
is shifted until its levers rest upon points 1 
and 3. The two motor-circuits are thus con- 
45 nected with the generator-circuit; but by rea- 
son of the presence of the resistance I in one 
and the self-induction coil J in the other the 
coincidence of the phases of the current is 
disturbed sufficiently to produce a progression 
50 of the poles, which starts the motor in rota- 
tion. When the speed of the motor has ran 
up. to synchronism with the generator, or ap- 
proximately so, the switch is shifted over onto 
the points 2 and 4, thus cutting out the coils 
55 I and J, so that the currents in both circuits 
have the same phase; but the motor now runs 
as a synchronous motor, which is well known 
to be a very desirable and efficient means of 
converting and transmitting power. 

60 It will be understood that when brought up 
to speed the motor will run with only one of 
the circuits B or C connected with the main 
or generator circuity or the two circuits may 
be connected in series. This latter plan is 
65 preferable when a current having a high 
number of alternationsperunitof time is em- 
ployed to drive the motor. In such case the 
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starting of the motor is more difficult and the 
dead and inductive resistances must take up a 
considerable proportion of the electro-motive 70 
force of the ci rcuits. Generally I so ad j ust the 
conditions that the eleetro-motive force used 
ih each of the motor-circuits is that which is 
required to operate the motor when its cir- 
cuits are in series. The plan which I follow 75 
in this case is illustrated in Fig. 2. In this 
diagram the motor has twelve poles and the 
armature has polar projections D wound with 
closed coils £. The switch used is of sub- 
stantially the same construction, as that 80 
shown in the previous figure. There are, how- 
ever, five contacts, which I have designated 
by the figures 5, 6, 7, 8, and 9. The motor-cir- 
cuits B C, which include alternate field-coils, 
are connected to the terminals in the follow- 85 
ing order: One end of circuit C is connected 
to contact 9 and to contact 0 through a dead 
resistance, I. One terminal of circuit B is 
connected to contact 7 and to contact 6 
through a self-induction coil, J. The oppo- 90 
site terminals of both circuits are connected 
to contact 8. 

One of the levers, as F, of the switch is made 
with jin extension, /, or otherwise, so as to 
cover both contacts 5 and 6 when shifted into 95 
the position to start the motor. It will be ob- 
served that when in this position and with 
lever F' on contact 8 the current divides be- 
tween the two circuits B C, which from their 
difference in electrical character produce a 100 
progression of the poles that starts the motor 
in rotation. When the motor has attained 
the proper speed, the switch is shifted so that 
the levers cover the contacts 7 and 9, thereby 
connecting circuits Band C in series. I have 105 
found that by this disposition the motor is 
maintained in rotation in synchronism with 
the generator. This principle of operation, 
which consists in converting by a' change of 
connections or otherwise a doable-circuit mo- no 
tor or one operating by a progressive Shifting 
of the poles into an ordinary synehronizing- 
motor may be carried out in many other 
ways. For instance, instead of using the switch 
shown in the previous figures, I may use a 115 
temporary ground circuit between the gen- 
erator and motor, in order to start the motor, 
in substantially the manner indicated in Fig. 3. 

Let G in this figure represent an ordinary 
alternating-current generator with, say, two 120 
poles, M M', and an armature wound with 
two coils, N N', at right angles and connected 
in series. The motor has, for example, four 
poles wound with coils B C, which are con- 
nected in series and an armature with polar 125 
projections D wound with closed coils £ £. 
From the common joint or union between the 
two oircuits of both the generator and the 
motor an earth - connection is established, 
while the terminals or ends of the said oircuits 130 
are connected to the line. Assuming that 
the motor is a synchronizing-motor or one 
that has the capability of running in synch- 
ronism with the generator, but not of start- 
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ing, it may be started by the above-described I do' not claim herein of itself the method 
apparatus by closing the ground -connection of or apparatus for operating a motor which 
from both generator and motor. The system forms a part* of 4 b is invention and- which in- 
thus becomes one with a two-circuit genera- votves the principle of varying or modifying 55 
$ tor and motor, the ground forming a common the currents passing through the energizing- 
return for the currents in the two circuits L circuits, so as to produce between such cur- 
and I/. When by this arrangement of cir- rents a difference of phase, as these matters 
cuits the motor is brought to speed, the are described and claimed by me in other ap- 
ground-connection is broken between the mo- plications, but with the object of securing, 60 
10 tor or generator, or both, and ground, switches broadly, the method as a whole which I have 
P P' being employed for this purpose. The herein set forth, 
motor then runs as a synchronizing-motor. What I claim is — 

In describing those features which consti- l,.The method of operating an alteraating- 
tute my invention I have omitted illustrations current motor herein described by first pro- 65 
15 of the appliances used in conjunction with gressively shifting or rotating its poles or 
the electrical devices of similar systems — . points of greatest attraction and then, when 
such, for instance, as driving-belts^ fixed and the motor has attained a given speed, alter- 
loose pulleys for the motor, and the like; but nating the said poles, as described, 
these are matters well understood. 2. The method of operating an electro-mag- 70 

20 In describing my invention by reference to netic motor herein described, which consists 
specific constructions I do not wish to be un- in passing through independent enefgizing- 
derstood as limiting myself to the construe- circuits of the motor alternating currents dif- 
tions shown; and in explanation of my in- fering in phase and then, when the motor has 
tent in this respect I would say that I may in attained a given speed, alternating currents 7s 
25 such forms of apparatus as I have shown in coinciding in phase, as describe*}. 

Figs. .1 and 2 include the dead resistance and 3 . The method of operating an electro-mag- 
self-induction coil in either circuit, or use netic motor herein described, which consists 
only a dead resistance or a self-induction in starting the motor by passing alternating 
coil, as in the various ways shown in my ap- currents differing in phase through independ- 80 
30 plication, No. 293 , 052 , filed December 8 , 1888 . ent energizing-circuits and then, when the mo- 
I may also use any form of switch, whether tor has attained a given speed, joining the en- 
manual or automatic, that will by its manipu- ergizing^circuits in series and passing an al~ 
lation or operation effect the required change temating current through the same, 
of connections, and in order to secure the 4 . The method of operating a synchroniz- 85 
35 necessary difference of phase in the two mo- ing-motor, which consists in passing an alter- 
cor-eircuits on starting I may employ any of nating current through independent energiz- 
the known means for this purpose. ing-circuits of the motor and introducing into 

I believe that I am the first to operate elec- such circuits a resistance and self-induction 
tro-magnetic motors by alternating currents coil, whereby a difference of phase between 90 
40 in any of the ways herein suggested or de- 'the currents in the circuits will be obtained, 
scribed — that is to say, by producing a pro- and then, when the speed of the motor synch- 
gressive movement or rotation of their poles ronizes with that of the generator, with- 
or points of greatest magnetic attraction by drawing the resistance and self - induction 
the alternating currents until they have coil, as set forth. 

45 reached a given speed, and then by the same 

currents producing a simple alternation of NIKOLA TESLA. 

their poles, or, in other words, by a change in 

the older or character of the cireuit-connec- Witnesses: 

tions to convert a motor operating on one Geo. M. MonbO, 

50 principle to one operating on another, for the Wm. H. Lemon. 

purpose described. 
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AppUoattai SUi Juuiy 8, 1889. B*fUl Vo. 200,740. doaoW 


To all whom it may concern: 

Be it known that I, Nikola Tesla, from 
Smiljan, Lika, border country of Austria- 
Hungary, a subject of the Emperor of Aus- 
5 tria, residing at New York, in the county and 
State of New York, have invented certain 
new and useful Improvements in Electro- 
Magnetic Motors, of which the following is a, 
specification, reference being had to the draw- 
io ings accompanying and forming a part of the 
same. 

In order to define more Clearly the relations 
which the motor forming the subject of my 
present application bears to others of the 
(5 class to which it pertains, I will recapitulate 
briefly the forms of alternating-current mo- 
tors invented by me and described more in 
detail in my prior patents and applications. 
Of these there are two principal types or 
20 forms: first, those containing two or more en- 
ergizing-circuits through which are caused to 
pass alternating currents differing from one 
another in phase to an extent sufficient to 
produce a continuous progression or shifting 
25 of the poles or.points of greatest magnetic ef- 
fect, in obedience to which the movable ele- 
ment of the motor is maintained in rotation; 
second, those containing poles or parts of dif- 
ferent magnetic susceptibility, which under 
30 the energizing influence of the same current or 
two currents coinciding in phase will exhibit 
differences in their magnetic periods or 
phases. In the first class of motors the torque 
is due to the magnetism established in dif- 
35 ferent portions of the motor by currents from 
the same or from independent sources, and 
exhibiting time differences in phase. In the 
second class the torque results from the en- 
ergizing effects of a current upon parts of 
40 the motor which differ in magnetic suscepti- 
bility — in other^words, parts which respond to 
the Bame relative degree to the action of a 
current, not simultaneously, but after dif- 
ferent intervals of time. In my present in- 
45 vention, however, the torque, instead of being 
solely, the result of a time difference in the 
magnetic periods or phases of the poles or at- 
tractive parts to whatever cause due, is pro- 
duced by an angular displacement of the 
50 parts which, though movable with respect to 


one another, are magnetized simultaneously, 
or approximately so, by the same currents. 
This principle of operation I have embodied 
practically in a motor in which I obtain the 
necessary angular displacement between the 55 
points of greatest magnetic attraction in the 
two elements of the motor— the armature and 
field— by the direction of the lamination of the 
magnetic cores of Baid elements, and the best 
means of accomplishing this result of which 60 
I am at present aware I have shown in the 
accompanying drawings. 

Figure 1 is a side view of the motor with a 
portion of its armature-core exposed. Fig. 2 
is an end or edge view of the same. Fig. 3 is 65 
a central cross-section of the same, the arma- 
ture being shown mainly in elevation. 

Let A A designate two plates built-up of 
thin sections or laminae of soft iron insulated 
more or less from one another and held to- 70 
gether by bolts a or any other suitable means 
and secured to a base B. The inner faces of 
these plates contain recesses or grooves in 
which a coil or ooils D are secured obliquely to 
the direction of the laminations. Within 75 
the cdils D is a disk E, preferably composed 
of a spirally-wound iron wire or ribbon or a 
series of concentric rings and mounted on a 
shaft F, having bearings in the plates A A. 
Such a device when acted upon by an alter- 80 
nating current is capable of rotation and con- 
stitutes a motor, the operation of which I ex- 
plain in the following manner: A current or 
current-impulse traversing the ooils D tends 
to magnetize the cores A A and E, all of 85 
which are within the influence of the mag- 
netic field of the coils. The poles thus es- 
tablished would naturally lie in the Bame tine 
at right angles to the coils D, but in the plates 
A they are deflected by reason of the dire©- 90 
tion of the laminations and appear at or near 
the extremities of said plates. In the disk, 
however, where these conditions are not pres- 
ent, the poles or points of greatest attraction 
are on a line at right angles to the plane of 95 
the coils; hence there will be a torque estab- 
lished by this angular displacement of the 
poles or magnetic lines, which starts the disk 
in rotation, the magnetic lines of the armature 
and field tending toward a position of paral- too 
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lelism. This rotation is conti n ued and main- 
tained by the reversals of the current in coils 
D D, which change alternately the polarity 
of the field-cores A A. This rotary tendency 
5 or effect will be greatly increased by winding 
the disk with conductors G, closed upon them- 
selves and having a radial direction, whereby 
the magnetic intensity of the' poles of the 
disk will be greatly increased by the energiz* 
io ing effect of the currents induced in the coils 
G by the alternating currents in coils 1). The 
plan of winding and the principle of opera- 
tion have been fully explained in my patent, 
No. 382,279, of May 1, 1888. 

15 The cores of the disk and field may or may 

not be of different magnetic susceptibility — 
that is to say, they may both be of the same 
kind of iron, so as to be magnetized at ap- 
proximately the same instant by the coils D; 
20 or one may be of soft iron and the other of 
hard, in order that a certain time may elapse 
between the periods of tlicir magnetization. 
In either case rotation will be produced; but 
unless the disk is provided with the closed 
25 energizing-coils it is desirable that the above- 
described difference of magnetic suscepti- 
bility be utilized to assist in its rotation. 

The cores of the field and armature maybe 
made in various ways, as will be well nnder- 
30 stood, it being only requisite that the lamina- 
tions in each be in such direction as to secure 
the necessary angular displacement of the 
• points of greatest attraction. Moreover, since 
the disk may be considered as made up of an 
35 infinite number of radial arms, it is obvious 
that what is true of a disk holds, under well- 
understood conditions, for 'many other forms 
of armature, and my invention in this respect 
is in no sense limited to the specific form of 
40 armature shown. 

It will be understood that the spocific ways 
of carrying out this invention are almost with- 
out number, and that, therefore, I do not limit 
myself to the precise form of motor which I 
45 have herein shown. 

I believe that I am the first to produce ro- 
tation of an armature, at least such as could 
be utilized for any general or practicable pur- 
f poses, by means of an alternating curren t pass- 
50 ing through a single coil or several coils act- 
ing as one, and which havo a direct magnet- 
izing effect upon the cores of both armature 
and field, and this I claim in its broadest sense. 

I further believe that I am the first to im- 


part directly, by means of an alternating cur- 55 
rent, magnetism to the cores of the two ele- 
ments of a motor, and by the direction of the 
lamination of one or both of the same to pro- 
duce an angular displacement of the poles or 
lines of magnetic force of the cores, respect- 60 
ively. 

What I therefore claim is — 

1. An electro-magnetic motor consisting of 
a field-magnet, a rotary Armature, And a sin- 
gle coil adapted to be connected to a source 65 
of alternating currents and to impart magnet- 
ism to both the armAture and the field-magnet 
with angular displacement of the maximum 
points, as set forth. 

2. In an electro-magnetic motor, the combi- yo 
nation, with a coil adapted to be connected 
with a source of alternating currents, of a 
field-magnet and rotary Armature the cores 

of which are in such relation to the ooil as 
to bo energized thereby and subdivided or fa 
laminated in such manner as to produce an 
angular displacement of their poles or the 
magnetic lines therein, as set forth. 

.3. In an electro-magnetic motor, the combi- 
nation, with a coil adapted to be connected 80 
with a 8ourceof alternating currents, of field- 
magnets with laminations lying obliquely to 
the plane of said ooil and a circular or disk 
armature mounted to rotate between the fleld- 
magnets,both fiela and armature being under 85 
the magnetizing influence of the coil, as set 
forth. 

4. In an electro- magnetic motor, the combi* 
nation, with a coil adapted to be connected 
with a source of alternating currents, of field- 90 
magnets with laminations lying obliquely to 
the plane of the ooil and a circular or disk 
armature with spiral or concentric lamina- 
tions mounted between the field-magnets, both 
field and armatnre being under the magnet- 95 
izing influence of the coil, as set forth. 

5. In an electro-magnetic motor, the combi- 
nation, with a coil adapted to be connected to 
a source of alternating currents, of a field- 
magnet and a rotary armature with dosed 100 
coils thereon, both the field and the armatnre 
being under the magnetizing influence of said 
coil and laminated to produce an Angular dis- 
placement of the poles Of the two cores. 
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wires H H. When by this arrangement of 
omits the motor is brought to speed, the 
ground-connection is broken between the gen- 
erator or motor or both and ground, switches 
5 K K being employed for this purpose. The 
motor then runs as a synchronizing motor. 

This system is capable of various useful ap- 
ptifations which it is not necessary to describe 
in detail; bot it will be enough to say that the 
10 convertibility of the system from double cir- 
cuit to single circuit is a feature in itself of 
great value and utility. 

I do not wish to be understood as confining 
myself to the precise arrangement or order of 
15 connections herein set forth, as these maybe 
obviously varied in many respects. 

What I claim is — 

1 . The method of operating synchronizing 


motors herein described, which consists in 
electrically connecting intermediate points of so 
the indncing-circuit of the generator and the 
energizing-circuit of tire motor until the motor 
has reached a desired speed and then inter- 
rupting such connection, as set forth. 

2. The method herein described of starting 15 
or operating synchronizing motors, which con- 
sists in electrically connecting Intermediate 
points of the indncing-circuit of the generator 
and the energizing-circuit Of the motor to 
earth until the motor has reached the desired go 
speed and then interrupting either or both of 
the ground-connections, as set forth. 

NIKOLA TESLA. 

Witnesses: 

Edward T. Evans, 

E. C. Upstill. 
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tains effects corresponding to the resultant 
poles produced by the two field-circuits. 

Fig. 3 represents a disposition in which 
both armature and field are wound with two 
5 sets of coils, all in mult iple arc to the line or 
main circuit. . The armature-coils are wound 
to correspond with the field-coils with respect 
to their self-induction. A modification of 
this plan is shown in Fig. 4 — that is to say, 
io the two field-coils and two armature-coils are 
in derivation to themselves and in series with 
one another. The armature-coils in this case, 
as in the previous figure, are wound for dif- 
ferent self-induction to correspond with the 
15 field-coils. 

Another modification is shown in Fig. 5. 
In this case only one armature-coil, as D, is 
included in the line-circuit, while the other, 
as C, is short-circuited. 

20 In such a disposition as that shown in Fig. 
2, or where only one armature-coil is em- 
ployed, the torque on the start is somewhat 
reduced, while the tendency to synchronism 
is somewhat increased. In su ch a disposition, 
25 as shown in Fig. 6, the opposite conditions 
would exist. In both instances, however, 
there is the advantage of dispensing with one 
contact-ring. 

In Fig. 5 the two field-coils and the arraa- 
30 ture-coil D are in multiple arc. In Fig. 6 
this disposition is modified, coil D being 
shown in series with the two field-coils. 

Fig. 7 is an outline of the general form of 
motor in which I have embodied this improve- 


ment The oircuit-connections between the 35 
armature and field coils are made, as indi- 
cated in the previous figures, through brushes 
and rings, which are not shown. 

In the above description I have made use 
of the terms “armature” and “field;” but it 40 
will be understood that these are in this case 
convertible terms, for what is true of the 
field is equally so of the armature, except that 
one is stationary, the other capable of rota- 
tion. 45 

I do not claim in this application the method 
or means of operating a double-circuit motor 
by making its circuits of different self-induc- 
tion or in any way retarding the phases of 
current in one circuit more than in another, 50 
having made these features subject of other 
applications; but 

What I claim is — 

1 . In an alternating-current motor, the com- 
bination, with field-circuits of different self- 55 
inductive capacity, of corresponding arma- 
ture-circuits electrically connected therewith, 

as set forth. 

2. In an alternating-current motor, the com- 
bination, with independent Jfield-coils of dif- 60 
ferent self-induction, of independent arma- 
ture-coils, one or more in circuit with the 
field-coils and the others short-circuited, as set 
forth. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Frank E. Hartley. 











76 


United States Patent Office. 


NIKOLA TESLA, OF NEW YORK, N. Y., ASSIGNOR TO THE TESLA ELECTRIC 
COMPANY, OF SAME PLACE. 

METHOD OF OPERATINQ ELECTRO-MAGNETIC MOTORS. 


SPECIFICATION' forming part of Letters Potent No. 416,108, dated December 8, 1880. 


Applioatfoa fUdXay 80, 1888, 


To all whom it may concern: 

Be it known that I, Nikola Tbsla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, and 
5 a resident of New York, in the county and 
State of New York, have invented certain 
new and useful Improvements in Methods of 
Operating Electro-Magnetic Motors, of which 
the following is a specification, reference be- 
io ing had to the drawings accompanying and 
forming a part of the sama 
In a patent granted to me April 16 , 1889 , 
No. 401 , 520, 1 have shown and described a 
method of starting and operating synchro- 
15 nizing motors which involved the transforma- 
tion of the motor from a torque to a synchro- 
nizing motor. This I have heretofore done 
by a change of the circuit-connections, where- 
by on the start the poles or resultant attrao- 
20 tion of the field-magnets of the motdr were 
shifted or rotated by the action of the current 
until the motor reached synchronous speed, 
after which the poles were merely alternated. 
The present application is based upon another 
25 way of accomplishing this result, the main 
features being as follows: If an alternating 
current be passed through the field-coils onjy 
of a motor having two energizing-circuits of 
different self-induction and the armature- 
30 ceils be short-circuited, the motor will have a 
strong torque, but little or no tendency to 
synchronism with the generator; but if the 
same current which energizes the field be 
passed also through the armature-coils the 
35 tendency to remain in synchronism is very 
considerably increased. This is due to the 
fact that the maximum magnetic effects pro- 
duced in the field and armature more nearly 
coincide. This principle discovered by me I 
40 have utilized in the operation of motors. In 
other words, I construct a motor having in- 
dependent field-circuits of different self-in- 
duction, which are joined in derivation to a 
source of alternating currents. The armA- 
45 ture I wind with one or more coils, which are 
connected with the field-coils through contact 
rings and brushes, and around the armature- 
ooils I arrange a shunt with means for open- 
ing or closing the same. In starting this mo- 
50 tor I close the shunt around the armature- 
coils, which will therefore be in closed cir- 
cuit When the current is directed through 
the motor, it divides between the two circuits, 
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(it is not necessary to consider anyoase where 
there are more than two oircuits used, 1 ) which, 55 
by reason of their different self-induction, 
secure a difference of phase between the-two 
currents in the two branches that produces 
a shifting or rotation of the poles. By the 
alternations of current other currents are 60 
induced, in the closed— or short-circuited — 
armature-coils and the motor has a strong 
torque. When the desired speed is reached, 
the shunt around the armature-coils is opened 
and the current directed through both arma- 65 
ture and field ooils. Under these condi- 
tions the motor has a strong tendency to 
Synchronism. 

In the drawings hereto annexed I have 
illustrated several modifications of the plan 70 
above set forth for operating motors. The 
figures are diagrams, and will be explained 
in their order. 

Figure 1 : A and B designate the field-coils 
of the motor. As the circuits including these 75 
coils are of different Belf-induction, I have 
represented this by a resistance-coil R in cir- 
cuit with A, and a Belf-induction coil S in cir- 
cuit with B. The same result inay of bourse 
be secured by the winding of the ooils. C is 80 
the armature-circuit, the terminals of which 
are rings a b. Brushes c d bear on these 
rings and connect with the line and field 
circuits. D is the shunt or short circuit 
around the armature. E is the switch there- 85 
in. The operation of these devices I have 
stated above. 

It will be observed that in such a disposi- 
tion as is illustrated in Fig. 1 , the field-cir- 
cuits A and B being of different self-indno- 90 
tion, there will always be a greater lag of 
the current in one than the other, and 
that, generally, the armature phases will not 
correspond with either, but with the result- 
ant of both. It is therefore important to ob- 95 
serve the proper rule in winding the arma- 
ture. For instance, if the motor have eight 
poles — four in each circuit — there will be four 
resultant poles, and hence the armature-wind- 
ing shbuld be such as to produce four poles, 100 
in order to constitute a true synchronizing 
motor. 

Fig 2 : This diagram differs from the pre- 
vious one only in respect to the order of con- 
nections. In the present case the armature- 105 
coil, instead of being in series with the field- 
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coils, is in multiple are therewith. The ar- 
mature-winding may be similar to that of the 
field — that is to say, the armature may have 
two or more coils wound or adapted for dif- 
5 ferent self-induction and adapted, prefera- 
bly, to produce the same difference of phase 
as the field-coils. On starting the motor the 
shunt is closed around both coils. This is 
shown in Fig. 3, in which the armature-coils 
io are F G. To indicate their different elec- 
trical character, I have shown in circuit with 
them, respectively, the resistance R' and the 
self-induction coil 8'. The two armature coils 
are in series with the field-coils and the same 
iS disposition of the shunt or short circuit D is 
used. It is of ad vantage in the operation of mo- 
tors of this It ind to const ruct or wi nd the arma- 
ture in such manner that when short-circuited 
on the start it will have a tendency to reach a 
20 higher speed than that which synchronizes 
with the generator. For example, a given mo- 
tor having, say, eight poles should run, with 
the armature-coil short-circuited, at two thou- 
sand revolutions per minute to bring it up to 
25 synchronism. It will generally happen, how- 
ever, that this speed is not reached, owing to 
the fact that the armature and field currents 
do not properly correspond, so that when the 
current is passed hrough the armature (the 
30 motor not being quite up to synchronism) 
therein a liability that it would not “hold 
on,” as it is termed. I therefore prefer to so 
wind or construct the motor that on the start, 
when the armature-coils are short-circuited, 
35 the motor will tend to reach a speed higher 
than the synchronous — as, for instance, double 
the latter. In such case the difficulty above 
alluded to is not felt, for the motor will al- 
ways hold up to synchronism if the synch- 
40 ronous speed — in the case supposed of two 
thousand revolutions — is reached or passed. 
This may be accomplished in various ways; 
but for all practical purposes the following 
will suffice: I wind on the armature two sets 
45 of coils. On the start I short-circuit one only, 
thereby producing a number of poles on the 
armature, which will tend to run the speed up 
above the synchronous limit. When such 
limit is reached or passed, the current is di-, 
5® rected through the other coil, which, by in- 
creasing the number of armature-poles, tends 
to maintain synchronism. In Fig. 4 sdeh a 
disposition is shown.- The motor having, 
say, eight poles contains two field-circuits A 
55 and B, of different self-induction. The arma- 
ture has two coils F and G. The former is 
dosed upon itself, the latter connected with 
the field and line through contact-rings a b, 
brushes c d, and a switch £. On the start 
60 the eoil F alone is active and the motor tends 
to run at a speed above the synchronous; but 
when the coil G is connect .w 1 ■ ihocirci'* 
the number of arma^" neren 

while the motor is 5 :«-hr 

*5 motor. This cljci 
that- the closed 
tho motor tor* j 


at the same time the conditions are such that 
.the motor comes out of synchronism more 
readily. To increase the tendency to synch- 70 
ronisin, two circuits may be used on the arma- 
ture, one of which is short-circuited on the 
start and both connected with the external 
circuit after the synchronous speed is reached 
or passed. This disposition is shown in Fig. 75 
5. There are three contact-rings a b e and 
three brushes cdf, which connect tho arma- 
ture circuits with the external circuit. On 
starting, the switch II is turned to Complete 
the connection between one binding-post P 80 
and the field-coils. This short-circuits one 
of the armature-coils, as G. The other coil 
F is out of circuit and open. When the 
motor is np to speed, the switch H is turned 
back, so that the connection from binding- 85 
post P to the field-coils is through the coil 
G, and switch K is closed, thereby including 
coil F in multiple arc with the field-coils. 
Both armature-coils are thus active. 

From the above-described instances it is 90 
evident that many other djspositions for car- 
rying out the invention are possible. 

I do not claim herein the method and 
means described and shown for operating a 
motor by producing artificially a difference 95 
of current phase in its independent ener- 
gizing-circuits; nor do I claim, broadly, a 
motor having independent energizing -cir- 
cuits of different self-induction and arma- 
ture-circuits connected therewith, as these 160 
features are made subjects of other applica- 
tions which I have filed. 

What*I claim is — 

1. The method herein described of operat- 
ing alternating-current motors having inde- 105 
pendent energizing-circuits, which consists 

in short-circuiting the armature circuit or 
circuits until the motor has reached or passed 
a synchronizing speed and then connecting 
said armature-circuits with the external cir- 1 10 
ouit, as set forth. 

2. The method of operating alternating- 

current motors having field-coils of different 
self-induction, which consists in directing al- 
ternating currents from an external source 115 
through the field-circuits only until the mo- 
tor has reached a given speed and then di- 
recting said currents through both the field- 
circuits and one or more of the armature-cir- 
cuits, as set forth. 1 20 

3. The method of operating alternating- 
current motors having field-coils of different 
self-induction, which consists in directing al- 
ternating currents from an external source 
through the field-circuits and short-circuiting 1 25 
a part of the armature-circuits, and then when 
the motor has attained a given speed direct- 
ing the alternating currents through both the 

■ M and one or more of the armature-circuits, 

-'. t forth. 

NIKOLA TESLA. 

Witnesses: 

Root. V. Gaylord, 

Frank E. Hartley. 
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To att whom it may concern: 

Be it known that f, Nikola Tesla, a snb- 
jeet of the Emperor of Austria, from Smiljan, 
Lika^ border country of Austria-Hungary, re- 
5 siding at New York, in the county and State 
of New York, hare invented certain new and 
usef ul Improvements in Electro - Magnetic 
Motors* of which the following is a specifica- 
tion, reference being had to the accompany* 
io ing drawings. 

This invention relates to alternating-cur- 
rent motors of the general description in- 
vented by me, and in which two or more en- 
ergizing-ci rcuits are employed, through which 
«5 alternating currents differing in phase are 
passed, with the result of producing a pro- 
gressive shifting or rotation of the poles or 
points of maximum attractive effect. 

In prior patents and applications I have 
so shown and described various forms of motors 
of this kind. Among them are motors in 
which both energizing-circuits are electrically 
alike— that is to say, both have the same or 
approximately the same electrical resistance 
*5 and self-induction — in the operation of which 
the alternating currents used are primarily 
of different phase. In others the difference 
of phase is artificially produced— as, for in- 
stance, in cases where the motor-circuitB are 
30 of different resistance and self-induction, so 
that the same current divided between them 
will be retarded in one to a greater extent 
than in the other, and the requisite phase dif- 
ference secured in this way. To this latter 
35 class generally toy present invention relates. 

The lag or rotation of the phases of an al- 
ternating current is directly proportional to 
the self-induction and inversely proportional 
to the resistance of the circuit through which 
40 the current flows. Hence, in order to secure 
the proper difference of phase between the 
two motor-circuits, it is desirable to make the 
self-induction in one mnch higher and the re- 
sistance much lower than the self-induction 
45 and resistance, respectively, in the other. At 
the same time the magnetic quantities of the 
two poles or sets of poles which the two cir- 
cuits produce should be approximately equal. 
These requirements, which I have found to 
50 exist in motors of this kind, have led me to 


the invention of a motor having the follow- 
ing general characteristics: The coils which 
are included in that energizing-circuit which 
is to have the higher self-induction I make of 
coarse wire, or a conductor of relatively low 55 
resistance, and I use the greatest possible 
length or number of turns.- In the other set of 
eoite I use a comparatively few tarns of finer 
wire or a wire of higher Vesis tan efe. Further- 
more, in order to approximate the magnetic 60 
uantities of the poles excited by these coils, 
use in the self-induction circuit cores much 
longer than those In the other or resistance 
circuit. I have shown in the drawings a mo- 
tor embodying these features. 65 

Figure 1 is a part-sectional view of the mo- 
tor at right angles to the shaft. Fig. 2 is a 
diagram of the field-circuits. 

In Fig. 2, let A represent the coils In 
one motor-circuit, and B those in the other. 70 
The circuit A is to have the higher self-in- 
duction. I therefore use a long length or a 
large number of turns of coarse wire in form- 
ing the coils of this circuit For the circuit 
B, I-nse a smaller conductor, or a conductor 75 
of a higher resistance than copper, snch as 
German silver or iron, and wind the coils with 
fewer turns. In applying these coils to a mo- 
tor I build up a field-magnet of plates C, of 
iron or steel, secured together in the usual 80 
manner by bolts D. Each plate is formed 
with four (more or less) long cores E, around 
which is a space to receive the coil and an 
equal number of short projections F to receive 
the coils of the resistance-circuit The plates 85 
are generally annular in shape, having an 
open space in the center for receiving the 
armature G, which 1 prefer to wind with dosed 
coils. An alternating current divided be- 
tween the two circuits is retarded as to its 90 
phases in the circuit A to a much greater ex- 
tent than in the circuit B. By reason of the 
relative sizes and disposition of the coresand 
coils the magnetic effect of the poles E and 
F upon the armature closely approximate. 95 
These conditions are well understood and 
readily secured by one skilled in the art. 

An important result secured by the* con- 
struction herein shown of the motor is, that 
these coils which are designed to have the 100 
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higher self-induction are almost completely 
surrounded by iron, by which the retardation 
is considerably increased. 

I do not claim herein, broadly, the method 
5 and means of securing rotation by artificially 
producing a greater lag of the current in one 
motor-circuit than in the other, nor the use 
of poles or cores of different magnetic sus- 
ceptibility, as these are features which I have 
io specially claimed in other applications filed 
by me. 

What I claim is — 

1 . An alternating -current motor having 
two or more energizing-circuits, the ooils of 

15 one circuit being composed of conductors of 
large size or low resistance and those of the 
other of fewer turns of wire of smaller size or 
higher resistance, as set forth. 

2 . In an alternating-current motor, the 00m- 
20 binatsoDj with long and short field-cores, of 

energizing-coils included in independent cir- 
cuits, the coils on the longer cores containing 


an excess of copper or conductor over that in 
the others, as set forth. 

3 . The combination, with a field-magnet 25 
composed of magnetic plates having an open 
center and pole-pieces or cores of different 
length, of ooils surrounding said cores and 
included in independent circuits, the coils on 
the longer cores containing an excess of cop- 30 
per over that in the others, as set forth.* 

4 . The combination, with a field-magnet 
composed of magnetic plates having an open 
center and pole-pieces or cores of different 
length, of ooils surrounding said cores and 35 
included in independent circuits, the coils on 
the longer cores containing an excess of cop- 
per over that in the others and being set in. 
recesses in the iron 00 re formed by the plates. 

as set forth. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Frank E. Hartley. 
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ELECTRIC MOTOR. 

SPECIFICATION forming part of Letters Patent No. 416,194, dated December 8, 1889. 
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To all whom U may concern : 

Be it known that I, Nikola Tesla, a sub- 
ject of the Emperorof Austria, from Smiljan, 
Lika, border country of Austria-Hungary, 
5 residing at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro - Magnetic 
Motors, of which the following is a specifica- 
tion. 

io This invention relates to the alternating- 
current electro-magnetic motors invented by 
me, in which a progressive shifting or ro- 
tation of the poles or points of maximum 
magnetic effect is produced by the action of 
15 the alternating currents. These motors I 
have constructed in a great variety of ways. 
As instances, I have built motors with two or 
more energizing-circuits, which I connected 
up with corresponding circuits of a generator 
ao so that the motor will be energized by alter- 
nating currents differing primarily in phase. 
I have also built motors with independent 
energizing-circuits of di fferent electrical char- 
acter or self-induction, through which I have 
*5 passed an alternating current the phases of 
which were artificially distorted by the greater 
retarding effect of one circuit over another. 
I have also constructed other forms of motor 
operating by magnetic or electric lag, which 
30 it is nqt necessary to describe herein in detail, 
although my present invention is applicable 
thereto. In such motors I use an armature 
wound with a coil or coils, which is sometimes 
connected with the external circuit and some- 
35 times closed upon itself, and to both torms 
the present invontion applies. In these mo- 
tors the total energy supplied to effect their 
operation is equal to the sum of the energies 
expended in the armature and the field. The 
40 power developed, however, is proportionate 
to the product of these quantities. This pro- 
duct will be greatest when these quantities are 
equal; hence in constructing a motor I deter- 
mine the mass of the armature and field cores 
45 and the windings of both and adapt the two so 
as to equalize as nearly as possible the mag- 
netic quantities of both. In motors which have 
closed armature-coils this is only approxi- 
mately possible, as the energy manifested in 
50 the armature is the result of inductive action 


from the other element; but in motors in 
whicl\ the coils of 'both armature and field 
are connected with the • external circuit the 
result can be much more perfectly obtained. 

In further explanation of my object let it 55 
be assumed that the energy as represented in 
the magnetism in the field of a given motor 
is ninety and that of the armature ten. The 
sum of these quantities, which represents the 
total energy expended in driving the motor, 60 
is one hundred; but, assuming that the motor 
be so constructed that the energy in the field 
is represented by fifty and that in. the arma- 
ture by fifty, the sum is still one hundred; 
but while in the first instance the product is 65 
nine hundred, in the second it is two thousand 
five hundred, and as the energy developed is 
in proportion to these products it is clear that 
those motors are the most efficient — other 
things being equal — in which the magnetic 70 
energies developed in the armature and field 
are equal. These results I obtain by using 
the same amount of copper or amp&re turns 
in both elements when the cores of both are 
equal, or approximately so, and the same cur- 75 
rent energizes both; or in cases where the 
currents in one element are induced to those 
of the other I use in the induced coils an 
excess of copper over that in the primary 
element or conductor. 80 

While I know of no way of illustrating this 
invention by a drawing such as will meet 
the formal requirements of an application for 
patent, I have appended for convenience a 
conventional figure of a motor such as I em- 85 
ploj\ I would state, however, that I believe 
that with the problem before him which I 
have herein stated, and the solution which I 
have proposed, any one skilled in the art will 
be able to carry out and apply this invention 90 
without difficulty. 

Generally speaking, if the mass of the cores 
of armature and field be equal, the amount 
of copper or ampere turns of the energizing- 
coils on both should also be equal; but these 95 
conditions will be modified in well-understood 
ways in different forms of machine. It will 
be understood that these results are most ad- 
vantageous when existing under the con- 
ditions presented when the motor is running 100 
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iritb it* normal load, and in oanying out the 


invention this fact should be taken into eoo- 

Refening to the drawing, A is the field- 
j magnet, B the armature, C the field-coils, and 
D the armature-arils, of the motor. 

The motors described in this application, 
except as to the features specifically pointed 
oat in the claims, are described and claimed 
o in prior patents granted to and applications 
filed by me, and are not- herein claimed. 

What I claim is— 


1 . An electro-magnetic motor having field 
and armature magnets of equal strength or 
magnetic quantity when energised by a given 15 
current, as set forth. 

1 In an alternating -current motor, the 
combination, wftfi field and armature cores 
of equal mass, of energising-coils containing 
equal amounts of copper, as herein set forth, so 
NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Frank E. Hartley. 
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To all whom it may concern: 

Be it known that I, Nikola Tbsla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
Lika, border country of Austria-Hungary, re- 
5 siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro - Magnetic 
Motors, of which the following is a specifica- 
tion, reference being had to the drawings ac- 
io companying and forming a part of the same. 

This invention relates to that form of alter- 
nating-current motor invented by me, in which 
there are two or mbre energizing - circuits 
through which alternating currents differing 
15 in phase are caused to pass. I have in prior 
patents and applications shown various forms 
or types of this motor— first, motors having 
two or more energizing-circuits of the same 
electrical character, and in the operation of 
20 which the currents used differ primarily in 
phase; second, motors with a plurality of en- 
ergising-circuits of different electrical char- 
acter, in or by means of which the difference 
of phase is produced artificially, and, third, 
25 motors with a plurality of energizing-circuits, 
the currents in one being induced from 
currents in another. I shall hereinafter 
show the application of my present inven- 
tion to these several types. Considering the 
30 structural and operative conditions of any 
one of them — as, for example, that first- 
named — the armature which is mounted to 
rotate in obedience to the co-operative in- 
fluence or action of the energizing-circuits has 
35 eoils wound upon it which are closed upon 
themselves and in whichcurrents are induced 
by the energizing-currents with the object and 
result of energizing the armature-core; but un- 
der any such conditions as' must exist in these 
4© motors it is obvious that a certain time must 
elapse between the manifestations of an ener- 
gizing-current impulse in the field-coils, and 
the corresponding magnetic state or phase in 
the armature established by the current in- 
45 duced thereby ; consequently a given magnetic 
influence or effect in the field which is the di- 
rect result of a primary-current impulse will 
have become more or less weakened or lost 
before the corresponding effect in the arma- 
50 ture indirectly produced has reached its 
maximum. This is a condition unfavorable 


to efficient working in certain cases^-as, for 
instance, when the progress of the resultant 
poles or points of maximum attraction is very 
great, or when a very high number of alter- 55 
nations is employed — for it is apparent that 
a stronger tendency to rotation will be main- 
tained if the maxi mum. magnetic attractions 
or conditions in both armature and field co- 
incide, the energy developed by a motor be- 60 
ing measured by the product of the magnetic 
quantities of the armature and field. 

The object, therefore, in this invention is 
to so construct or organize these motors that 
the maxima of the magnetic effects of the 65 
two elements — the armature and field — shall 
more nearly coincide. This I accomplish in 
various ways, which I may best explain by 
reference to the drawings, in which various 
plans for accomplishing the desired results 70 
are illustrated. 

Figure 1 : This is a diagrammatic illustra- 
tion of a motor system such as I have described 
in my prior patents, and in which the alter- 
nating currents proceed from independent 75 
sources and differ primarily in phase. 

A designates the field-magnet or magnetic 
frame of the motor; B B, oppositely-located 
pole-pieces adapted to receive the coils of one 
energizing-circuit; and C C, similar pole- So 
pieces for the coils of the other energizing- 
circuit. These circuits are designated, re- 
spectively, by D E,the conductor D" forming 
a common return to the generator G. Be- 
tween these poles is monnted an armature — 85 
for example, a ring or annular armature, 
wound with a series of coils F, forming a 
closed circuit or circuits. The action or op- 
eration of a motor thus constructed is now 
well understood. It will be observed, how- 90 
ever, that the magnetism of poles B, for ex- 
ample, established by a current-impulse in 
the coils thereon, precedes the magnetic effect 
set up in the armature by the induced cur- 
rent in coils F. Consequently the mutual 95 
attraction between the armature and field- 
poles is considerably red uced. The same con- 
ditions will be found to exist if, instead of 
assuming the poles B or C as acting inde- 
pendently, we regard the ideal resultant of 100 
both acting together, which is the real condi- 
tion. To remedy this, I construct the motor- 
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field with secondary poles B' C', which are 
situated between the others. These pole- 
pieces I wind with coils D'.E', the former in 
derivation to the coils I), the latter to coils E. 
5 The main or primary coils D and E are wound 
for a different sef-induction from that of the 
ceils D' and E', the relations being so fixed 
that if the currents in I) andE differ, forex- 
ample, by a quarter-phase, the currents in 
io each secondary coil, as D' E', will differ from 
those in its appropriate primary D or E by, 
say, forty-five degrees, or one-eighth of a pe- 
riod. 

I explain the action of this motor as fol- 
15 lows: Assuming that an impulse or alterna- 
tion in circuit or branch E is just beginning 
while in the branch D it is just falling from 
maximum, the conditions of a quarter-phase 
difference. The ideal resultant of the at- 
20 tractive forces of the two sets of poles B C 
therefore may be considered as progressing 
from poles B to poles C while the impulse in 
E is rising to maximum and that in D is fall- 
ing to zero or minimum. The polarity set up 
25 in the armature, however, lags behind the 
manifestations of field magnetism, and hence 
the maximum points of attraction in arma- 
ture and field, instead of coinciding, are an- 
gularly displaced. This effect is counteracted 
30 by the supplemental poles B' C'. The mag- 
netic phases of these poles succeed those of 
poles BC by the same, or nearly the same, 
period of time as elapses between the effect 
of the poles B C and the corresponding in- 
35 dneed effect in the armature; hence the mag- 
netic conditions of poles B' C' and of the 
armature more nearly coincide and a better 
result is obtained. As poles B' C' act in con- 
junction with the poles in the armature es- 
40 tablished by poles B C, so in turn poles C B 
act similarly with the poles set up. by B' C', 
respectively. Under such conditions the re- 
tardation of the magnetic effect of the arma- 
ture and that of the secondary poles will bring 
45 the maximum of the two more nearly into 
coincidence and a.correspondingly-stronger 
torque or magnetic attraction secured. 

In such a disposition as is shown in Fig. 1 
it will be observed that as the adjacent pole- 
50 pieces of either circuit are of like polarity 
they will have a certain weakening effect 
upon one another. I therefore prefer to re- 
move the secondary poles from the direct in- 
fluence of the others. This I may do by con- 
55 structing a motor with two independent sets 
of fields, and with either one or two armat ures 
electricaIly % connected, or by using two arma- 
tures and one field. These modifications will 
be illustrated hereinafter. 

60 Fig. 2 is a diagrammatic illustration of a 
motor and system in which the difference of 
phase is artificially produced. There are two 
coils D D in one branch and Jtwo coils E E in 
the other branch of the main circuit from 
the generator G. These two circuits or 
branches are of different self-induction, one, 
as D, being higher than the other. For con- 


venience I have indicated this by making 
coils D much larger than coils E. By reason 
of this difference in the electrical character 70 
of the two circuits the phases of current in 
one are retarded to a greater extent than the 
other. Let this difference be thirty degrees. 

A motor thus constructed will rotate under 
the action of an alternating current; but as 75 
happens in the case previously described the 
corresponding magnetic effects of the arma- 
ture and field do not coincide owing to the 
time that elapses between a given magnetic 
effect in the armature and the condition of 80 
the field that produces it. I therefore em- 
ploy the secondary or supplemental poles B' 

C'. There being thirty degrees difference of 
phase between the currents in coils D E, the 
magnetie effects of poles B' C' should corre- 85 
spond to that produced by a current differing 
from the current in coils D or E by fifteen 
degrees. This I may accomplish by winding 
each supplemental pole B' C* with two coils II 
H\ The coils H are included in a derived cir- 90 
cuit having the same self-induction as circuit 
D, and coils H' in a circuit having the same 
self-induction as circuit E, so that if these cir- 
cuits differ by thirty degrees the magnetism of 
poles B' C' will correspond to that produced 95 
by a current differing from that in either D 
or E by fifteen degrees. This is true in all 
other cases. For example, if in Fig. X the 
coils D' E' be replaced by the coils H H' in- 
cluded in derived circuits, the magnetism of too 
the poles B' C' will correspond in effect or 
phase, if it may be so termed, to that pro- 
duced by a current differing from that in 
either circuit D or E by forty-five degrees, Or 
one-eighth of a period. ^ 105 

This invention as applied to a'derived'cir- 
cuit motor is illustrated in Figs. 3 and 4. The 
former is an end view of the motor with the 
armature in section and a diagram of connec- 
tions, and Fig. 4 a vertical section through no 
the field. These figures are also drawn to 
show one of the dispositions of two fields that 
may be adopted in carrying out the invention. 

The poles B B C C are in one field, the re- 
maining poles in the other. The former are 1 15 
wound with primary coils I J and secondary 
coils I' J', the latter with coils K L. The pri- 
mary coils I J are in derived circuits, between 
which, by reason of their different self-induc- 
tion, there is a difference of phase, say, of 1 20 
thirty degrees. The eoilfc I' K are in circuit 
with one another, as also are coils J' L, and 
there should be a difference of phase between 
the currents in coils K and L and their corre- 
sponding primaries of, say, fifteen degrees. 125 
If the poles B C are at right angles, the arma- 
ture-coils should be connected directly across, 
or a single armature-core wound from end to 
end may be used; but if the poles B C be in 
line there should bean angular displacement 130 
of the Armature-coils, as will be well under- 
stood. 

The operation will be understood from the 
foregoing. The maximum magnetic condition 
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of a pair of poles, as B' B', coincides closely 
with the maximum effect in the armature, 
which lags behind the corresponding condi- 
tion in poles B B. 

S There are many other ways of carrying out 
this invention, out they all involve the same 
broad principle of construction and operation. 

In using expressions herein to indicate a 
coincidence of the magnetic phases or effects 
io in one set of field-magnets with those set up 
in the armature by the other I refer only to 
approximate results; but this of course will 
be understood. 

What I claim is — 

i $• 1. In an alternating-current motor, the com- 
bination, with an armaturfe wound with closed 


coils, of main and supplemental field magnets 
or poles, one set of which is adapted to ex- 
hibit their maximum magnetic effect simul- 
taneously with that set up in the armature to 
by the action of the other, as set forth. 

2. In an electro-magnetic motor, the combi- 
nation, with an armature, of a plurality of 
field or energizing coils included, respectively, 
in main circuits adapted to produce a given 25 
difference of phase and supplemental or sec- 
ondary circuits adapted to produce an inter- 
mediate difference of phase, as set forth. 

NIKOLA TESLA. 

Witnesses: 

R. J. Stonky, Jr., 

John Gillespie. 
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To all whom it may concern: 

Be it known that 1 , Nikola Tesla, a sub- 
ject of tl\e Emperor of Austria-Hungary, for- 
merly of Smiljan, Lika, border country of Aus- 
5 tria-Hungary, but now residing at New York, 
in the county and State of New York, have 
invented certain new and useful Improve- 
ments in Methods of Operating Electro-Mag- 
netic Motors, of which the following is a speci- 
io Heat-ion, reference being had to the drawing 
accompanying and forming a part of the same. 

In a patent granted to me April 16 , 1889 , 
No. 401 , 520 v I have shown and described a 
method of operating alternating-current mo- 
15 tors by first shifting or rotating their mag- 
netic poles until they had reached or passed 
a synchronous speed and then alternating the 
poles, or, in other words, by transforming the 
motor by achangeof circuit-connections from 
20 one operated by the action of two or more in- 
dependent energizing-currents to a motor op- 
erated by a single current or several acting 
as one. 

The present invention is a specific way of 
25 carrying out the same invention; and it con- 
sists in the following method: On the start I 
progressively shift the magnetic poles of one 
element or field of the motor by alternating 
currents differing in phase and passed through 
30 independent energizing-circuits and short- 
circuit the coils of the other element. When 
the motor thus started reaches or passes the 
limit of speed synchronous with the genera- 
tor, I connect up the coils previously short- 
35 circuited with a source of direct current and 
by a change of the circuit-connections pro- 
duce a simple alternation of the poles. The 
motor then continues to run in synchronism 
with the generator. There are many specific- 
40 ally-different ways in which this may be car- 
ried out, but I have seleotedonefor illustrat- 
ing the principle. This is illustrated in the 
annexed drawing, which is a side view of a 
motor with a diagram of the circuits and de- 
45 vices used in the system. 

'The motor shown is one of the ordinary 
forms, with field-cores either laminated or 
solid and with a cylindrical laminated arma- 
ture wound, for example, with the coils A B 
50 at right angles. The shaft of the armature 
carries three collecting or contact rings C D 


E. (Shown, for better illustration, as of dif- 
ferent diameters.) 

One end of coil A connects to one ring, as 
C, and one end of coil B connects with ring D. 55 
The remaining ends are connected to ring E. 
Collecting springs or brushes F G H bear 
upon the rings and lead to the contacts of a 
switch, to be hereinafter described. The field- 
coils have their terminals in binding-posts K 60 
K, and may be either closed upon themselves 
or connected with a source of direct current 
L by means of a switch M. The main or con- 
trolling switch has five contacts abed eand 
two levers / g y pivoted and connected by an 65 
insulating cross-bar h, so as to move in paral- 
lelism. These levers are connected to the 
line-wires from a source of alternating cur- 
rents N. Contact a is connected to brush' G 
and coil B through a dead-resistance R and' 70 
wire P. Contact 0 is connected with brush F 
and coil A through a self-induction coilS and 
wire O. Contacts c and e are connected to 
brushes G F, respectively, through the wires 
-P O, and contact dis directly connected with 75 
brush H. The lever / has a widened end, 
which may span the contacts a b. When in 
such position and with lever a on contact d, 
the alternating currents divide between the 
two motor-coils, and by reason of their dif- 80 
ferent self-induction a difference of current- 
phase is obtained that starts the motor in ro- 
tation. In starting, as I have above stated, 
the field-coils are short-circuited. 

When the motor has attained the desired 85 
speed, the switch is shifted to the position 
shown in dotted lines — that is to say, with the 
levers fg resting on points c e. This connects 
up the two armature-coils in series, and the 
motor will then run as a synchronous motor. 90 
The field-coils are thrown into circuit with 
the direot-ourrent source when the main 
switch is shifted. 

Wh&t I claim herein as my invention is— 

1. ~ The method of operating electro -mag- 95 
netic motors, which consists in first progress- 
ively shifting or rotating the magnetic poles 

of one element until it has reached a synch- 
ronous speed and then alternating said poles 
and passing a direct current through the coils 1 00 
of the other element, as herein set forth. 

2. The method of operating electro - mag- 
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(tutors, which consists in short-cireuit- 
■coils of one element, as the field-mag- 
1 passing through the energising-coils 
other element, as the armature, alter- 
cnrrente differing in phase, and then, 
he motor has attained a given speed, 
[ through the field-coils a direct cur- 


rent and through the armature-coils alternat- 
ing currents coinciding in phase.. 

NIKOLA TESLA. 

Witnesses: 

It. J. Stoney, Jr., 

E. 1*. Coffin. 
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To all whom it may concern: 

Be it known that I, Nikola Tesla, a subject 
of the Emperor of Austria-Hungary, from 
Smiljan, Lika, bordercountry of Austria-IInn- 
5 gary, residing at New York, in the county and 
State of New York, have invented certain new 
and useful Improvements in Eleetro-Magnetic 
Motors, of which the following is a speeifica- 
. tion, reference being had to the drawings ac- 
wo companying and forming a part of the same. 

I have invented and elsewhere described 
an electro-magnetic motor operated or adapte<l 
to be operated by an alternating electric cur- 
rent, and which is now commonly designated, 
»5 whether correctly or not, a “magnetic-lag” 
motor. The main distinguishing features of 
this motor are the following: An armature is 
mounted within the magnetizing influence of 
a certain number of field magnets or poles of 
*o different magnetic susceptibility — that is to 
say, poles of unequal length, mass, or com- 
position — and wound with coils adapted in 
the operation of the motor to be connected 
to a source of alternating currents. When 
* 5 an alternating current is passed through the 
coils of such a motor, the field magnets or 
poles do not appear to manifest their attractive 
effect upon the armature simultaneously, the 
magnetic attraction of some appearing to lag 
Jo behind that of others, with the result of pro- 
ducing a torque and rotation of the motor. 
Generally I have made such motors- with 
closed armature-coils. 

I have invented another form of motor, 
15 which, for similar reasons, may be called a 
“magnetic-lag” motor; but in operation it dif- 
fers from that which I have above described 
in that the attractive effects or phases of the 
poles, while laggingbehind the phases of cur- 
io rent which produce them, are manifested si- 
multaneously and not successively. 

To carry out this invention I employ a mo- 
tor embodying the principle of construction 
of a motor described and claimed in an ajp- 
15 plication filed by me January 8, 1889, M 
295,745, to the extent that both the armature 
and field receive their magnetism from a sin- 
gle energizing-coil or a plurality of coils act- 
ing as one. 

A motor which embodies my invention, 
with certain modifications thereof, is iQn^ 
trated in the accompanying drawings. 


Patent No. 494,080. dated March 90, 1890. 
Btrial Ho. 311,416. do nodal' 


Figure 1 is a side view of the motor in ele- 
vation. Fig. 2 Is a part-sectional view at 
right angles to Fig. 1. Fig. 3 is an end view 55 
in elevation and part section of a modifica- 
tion, and Fig. 4 is a similar view of another 
modification. 

In Figs. 1 and 2, A designates a base or 
stand, and B B the supporting-frame of the 60 
motor. Bolted to the said supporting-frame 
are two magnetic cores or pole-pieces t 1 of 
iron or soft steel. These may bo subdivided 
or laminated, in which case hard iron or steel 
plates or bars should be usod, or they should 65 
be wound with closed coils. 1) is a circular 
disk-armature built up of sections or plates of 
iron and mounted in the frame between the 
pole-pieces 0 C', which latter are preferably 
curved to conform to the circular shape there- 70 
of. I may wind this disk with a number of 
closed coils E. F F are the main energizing- 
coils, supported in any convenient manner by 
the supporting-frame, or otherwise, but so as to 
include within their magnetizing influence 75 
bqth the pole-pieces C C' and the armature D. 

The pole-piec&s C 0' project out beyond 
the coils F F on opposite sides, as indicated 
in the drawings. If an alternating current 
be passed through the coils F F, rotation of 80 
the armature will be produced, and this rota- 
tion I explain by the following apparent ac- 
tion or mode of operation: An impulse of 
current in the coils F F establishes two polari- 
ties in the motor. The protruding end of 85 
pole-piece 0, for instance, will be of one sign, 
and the corresponding end of pole-piece O' will 
be of the opposite sign. The armature also 
exhibits two poles at right angles to the coils 
F F, like poles to those in the polo-pieces 90 
being on the same ertde of the coils. While 
the current is flowing there is no appreciable 
tendency to rotation developed; but after 
each current impulse ceases or begins to fall 
the magpetism in the armature and in the 95 
ends of the pole-pieces 0 0' lags or continues 
to manifest itself, which produces a rotation 
of the armature by the repellent force be- 
tween the more closely approximating points 
of maximum magnetic effect. This effect is 100 
continued by the reversal of current, the po- 
iarltlee of field and armature being simply 
formed. One or both, of the elements — the 
armature nr field — may be wound with closed 
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induced coils to intensify this effect, althongh 
in the drawings I have shown but one of the 
fields, each element of the motor really con- 
stitutes a field, wound with the closed coils, 
5 the currents being induced mainly in those 
convolutions or coils which are parallel to the 
coils F F. A modified form of this motor is 
shown m Fig. 3 . In this form G is one of two 
standards that support the bearings for the 
to armature-shaft. H H are uprights or sides of 
a frame, preferably magnetic, the ends C C' 
of which are bent, substantially as shown, ,to 
conform to the shape of the armature D and 
form field-magnet poles. The construct ion of 
15 the armature may be the same as in the pre- 
vious figure, or it may be simply a magnetic 
disk or cylinder, as shown, and a coil or coils 
F F are secured in position to surround both 
the armature and the poles C C'. The arma- 
se tore is detachable from its shaft, the latter 
being passed through the armature after it 
has been inserted in position. The operation 
6f this form of motor is the same in principle 
as that previously described and needs no 
25 further explanation. 

One of the most important features in alter- 
nating-current motors is that they should be 
adapted to and capable of running efficiently 
in the alternating systems in present use, in 
30 which almost without exception the gener- 
ators yield a very high number of alterna- 
tions. Such a motor I have designed by a de- 
velopment of the > principle of the motor 
shown in Fig. 3 , making a multipolar motor, 
35 which is illustrated in Fig. 4 . In the con- 
struction of this motor! employ an annular 
magnetic frame J, with inwardly-extending 
ribs or projections K, the ends of which all 
bend or turn in one direction and are gen- 
40 erally shaped to conform to the curved sur- 
face of the armature. Coils F F are wound 
from one part K to the one next adjacent, 
the ends or loops of each coil or group of 
wires being carried over toward the shaft, 
45 so as to forth U-shaped groups of convolu- 
tions at each end of the armature. The pole- 
pieceis C C', being substantially concentric 
with the armature, form ledges, along which 
the coils are laid and should project to 
50 some extent beyond the coils, as shown. The 
cylindrical or drum armature D is of the same 
construction as in the other motors described, 
and is mounted to rotate .within the annular 
frame J and between the U-shaped ends or 
55 bends ot the coils F. Thecoils Fare connected 
in multiple or in series with a source of alter- 
nating currents, and are so wound that with a 
current or current impulse of given direction 
they will make the alternate pole-pieces C of 
60 one polarity and the other pole-pieces C' of 
the opposite polarity. The principle of the 
operation of this motor is the same as the other 
herein described, for, considering any two 
pole-pieces C O', a current -impulse passing 
65 in the coil which bridges them or is wound 
over both tends to establish polarities in their 


ends of opposite sign and to set up in the 
armature-core between them a polarity of the 
same sign as that of the nearest pole-piece C. 
Upon the fall or cessation of the current im- 70 
pulse that established these polarities the 
magnetism which lags behind the current 
phase, and which continues to manifest itself 
in the polar projections G C' and the arma- 
ture, produces by repulsion a rotation of the 75 
armature. The effect is continued by each 
reversal of the current What occurs in 
the case of one pair of pole-pieces occurs si- 
multaneously in al! so that the tendency to 
rotation of the armature is measured by the 80 
sum of all the forces exerted by the 'pole- 
pieces, as above described. In this motor 
also the magnetic lag or effect is intensified 
by winding one or both cores with closed in- 
duced coils. The armature-core is shown as 85 
thus wound. When closed coils are used, the 
cores should be laminated. 

It is evident that a pulsatory as well as an 
alternating current might be used to drive or 
operate the motors herein described; but I 90 
prefer to use alternating currents. 

It will be understood that the degree of 
subdivision, the mass of the iron in the cores, 
their size, and the number of alternations in 
the current employed to run the motor must 95 
be taken into consideration in order to prop- 
erly construct this motor. In other words, in 
all such motors the proper relations between 
the number of alternations and the mass, 
size, or quality of the iron must be preserved 100 
in order to secure the best results.' These 
are matters, however, that are well under- 
stood by those skilled in the art.. 

What I filaim is— 

1 . In an alternating-current motor, the com* 105 
bi nation, with the armature and field-cores, 

of stationary energizing-coils enveloping the 
said cores and adapted to produce polarities 
or poles in both, the field-cores extending out 
from the coils and constructed so as to ex- no 
hibit the magnetic effect imparted to them 
after the fall or cessation of current impulse 
producing such effect, as set forth. 

2. In an alternating-current motor, the com- 
bination, with an arraatnre-core circular in 115 
configuration, Of a supporting-frame, field- 
cores extending therefrom over portions of 
the periphery of the armature, and energiz- 
ing-coils surrounding said armature ahd parts 

of the field-cores, ad set forth. 120 

3 . The combination', with the rotatably- 
mounted armature, of the circular frame J, 
the ribs K, with polar extensions extending 
over portions of the armature, and the ener- 
gizing-coils F, wound over portions of the pole- 1 25 
pieces and carried in loops over the ends of 
the armature, as herein set forth. 

NIKOLA TESLA. 

Witnesses: 

R. J. Stoney, Jr M 
E. P. Coffin. 
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16 aU whom U may concern: 

Be it known that 1 , Nikola Tusla, a sub- 
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria- 
5 Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Alternating- 
Current Electro- Magnetic Motors, of which 
the following is a specification, referencebeing 
© had to the drawings accompanying and form- 
inga part of the same. 

This invention is an improvement in that 
class of electro-magnetic motors in which the 
rotation is produced by the progressive move- 
rs ment or effect of the maximum magnetic 
points or poles produced by the conjoint no- 
tion or effect of two energizing - circuits 
through which are passed alternating cur- 
rents, or currents of rapidly- varying strength 
so of a kindred nature. 

The improvements subject of this applica- 
tion are more particularly applicable to that 
class of motors in which two or more sets of 
energizing-magnets are employed, and in 
•5 which by artificial means a certain interval 
of time is made to elapse between the respect- 
ive maximum or minimum periods or phases 
of their magnetic attraction or effect This 
interval or difference in phase between the 
30 two sets of magnets, when artificially pro- 
duced, is limited in extent . It is desirable, 
however, for the economical working of such 
motors that the strength or attraction of one 
set of magnets should be maximum, at the 
35 timer wheh that of the other set is minimum 
and conversely; but these conditions have not 
heretofore been realized except in oases where 
the two currents have been obtained from in- 
dependent sources in the same or different 
40 machines. 

The object of the present invention is to 
establish conditions more nearly approaching 
the theoretical requirements of perfect work- 
ing, or, in other words, to produce artificially 
, 4 $ a difference of magnetic phase by means of 
a current from a single primary source suffi- 
cient in extent to meet the requirements of 
practical and economical working. 

In carrying out my invention I employ a 
Sc motor with two sets of energizing or field 


magnets, each wound with coils connected 
with a source of alternating or rapidly- vary- 
ing currents, but forming two separate paths 
or circuits. The magnets of one set I pro- 
tect to a certain extent from the enorgUIng 5] 
action of the current by means of a magnetic 
shield or screen interposed between the mag- 
net and its energising-ooil. This shield is 
properly adapted to theoonditionsof imrtlou- 
far cases, so as to shield or proteot the main 6< 
core from magnetisation until it has become 
itself saturated and no longer oanablc of con- 
taining all the lines of force prouuood by the 
current. By this means it will bo seen that 
the energising action begins in the protected 6« 
set of magnets a certain arbitrarily-deter- 
mined period of time later than in the other, 
and that by this means alone or I11 oonju no- 
tion with other means or devices heretofore 
employed a practioally-ooonomlonl difference 7c 
of magnetio phase may roadllv be scoured. 

The nature and operation of ^he invention 
will bo moro fully explained by reference to 
the accompanying drawings. 

Figure f is a view of a motor, partly in soo* 72 
tion, with a diagram illustrating the inven- 
tion. Fig. 2 is a similar view or a mod idea- 
tion of the same. 

In Fig. 1 , Which exhibits the simplest form 
of the invention, A A is the Aeld-magnot of a 8< 
motor, having, say, eight poles or inwardly- 
projecting cores 13 and 0 . The cores B form 
one set of magnet sand are energized by rolls 
D. The cores C, forming the other set, aro 
energized by coils E, and the coils are con- Hi 
nected, preferably, in series with one anot her, 
in two derived or branched circuits F (1, re- 
spectively, from a suitable source of current. 
Each coil E is surroundod by a magnetio 
shield II, which is preferably composed of an <;< 
annealed, insulated, or oxidized iron wire 
wrapped orwoundon the coils in the manner 
indicated, so as to form a closed magnetic 
circuit around thecollsand between the same 
and the magnetic cores C. Between the jsde 91 
pieces or cores 13 C is mounted the armature 
K, which, as is usual in this type of machines, 
is wound with coils L closed upon thernscl vm 
The operation resulting from this disposition 
is as follows: If a current impulse be dl- it 
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rooted through the two circuits of the motor, 
ft will- quickly energize the cores B, but not 
so the cores C, for the reason that in passing 
through the coils E there is encountered the 
5 influence of the closed magnetic circuits 
formed by the shields H. The first effect is 
to effectively retard the current impulse in 
circuit G, while at the same time the propor- 
tion of current which does pass does not mag- 
10 notice the cores G, which are shielded or 
screened by the shields H. As the increasing 
electro-motive force then urges more current 
through the coils E, the iron wire H becomes 
magnetically saturated and incapable of car- 
15 rying all the lines of force, and hence ceases 
to protect the cores 0, which become mag- 
netized, developing their maximum effect 
after an interval of time subsequent to the 
similar manifestation of strength in the other 
so set of magnets, the extent 01 which is arbi- 
trarily determined by the thickness of the 
shield H, and other well-understood condi- 
tions. 

From the above it will be seen that the ap- 
15 paratns or device acts in two ways. First, by 
retarding the current, and, second, by retard- 
ing the magnetization of one set of the cores, 
from which its effectiveness will readily ap- 
pear. 

36 Many modifications of the principle of this 
invention are possible. One useful and effi- 
cient application of the invention is shown in 
Fig. 2 . In said figure a motor is shown simi- 
lar in all respects to that above described, ex- 
35 oept that the iron wire H, which is wrapped 
around the ooils E, is in this case connected 
in series with the coils D. The iron-wire 
ooils H, are Connected and wound, so as to 
have little or no self-induction, and being 
40 added to the resistance of the circuit F the 


action of the current in that circuit will be 
accelerated, while in the other circuit G itvpll 
be retarded. The shield H may be made in 
many forms, as will be understood, and used 
in different ways, as appears from the forego- 45 
ing description. I do not, however, limit my- 
self to any specific form or arrangement; but 

What I claim is— 

1 . In an Alternating-current motor having 
two energizing-circuits, the combination, with 50 
the magnetic cores and coils of one of the cir- 
cuits, or interposed magnetio shields orsoreens 
for retarding the magnetization of Said cores, 

as set forth. 

2. In an alternating-current motor having 55 
two energizing-circuits, the combination, with 
the magnetio cores and the ooils of one of the 
circuits wound thereon, of magnetio shields 

or ooils wound around said coils at right an- 
gles to their convolutions, as set forth. 60 

3 . In an alternating-current motor having 
two energizing-circuits, the combination, with 
the magnetic cores and the coils of one of the 
circuits which energize the said cores, of mag- 
netio shields forming dosed magnetic circuits 65 
around the coils and interposed between the 
ooils and cores, as set forth. 

4 . In an alternating-current motor having 
two energizing-circuits derived from the same 
source, the combination, with the cores and the 70 
coils of one of the circuits that energizes the 
same, of insulated iron-wire ooils wound on 
the said energizing-coils at right angles to 
their convolutions and connected up in series 
with the ooils of the other energizing-circuit, 75 
as set forth. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Parker W. Page. 
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To all whom it may concern : 

Be it known that I, Nikola Tesla, n sub- 
ject of the Emperor of Austria-Hungary, from 
SiniljAn, Lika, border country of AustriA- 
5 Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Alternating- 
Current Motors, of which the following is a 
specification, reference being had to the draw- 
io ings accompanying and forming a part of the 
same. 

This invention relates to that class of alter- 
nating-current motors in which the field-mag- 
nets are energized by coils connected up in 
15 two circuits derived from the same source 
and having different degrees of self-induc- 
tion, whereby the currents in one circuit or 
branch are retarded more than in the other, 
with the result of producing a progressive 
20 advance or rotation of the points of maxi- 
mum magnetic effect in the field that main- 
tains the armature in rotation. In motors of 
this kind I have emplo}-ed, among other 
means, a self-induction coil in one circuit and 
25 a dead-resistance in the other, or I have se- 
6ured the same resalt by the special charac- 
ter of the winding of the two circuits, and in 
still another instance I have so constructed 
the motor that the retarded-current coils were 
30 nearly inclosed by iron, whereby the self-in- 
duction of such coils was very greatly in- 
creased. 

The invention subject of this application is 
an improvement on this last-named plan. 

35 In carrying out the invention I construct 
a field-magnet having two sets of poles or in- 
wardly-projecting cores and placed side by 
side, so as practically to form two fields of 
force and alternately disposed — that is to 
40 say, with the poles of one set or field opposite 
the spaces between the other. I then con- 
nect the free ends of one set of poles by means 
of laminated-iron bands or bridge-pieces of 
considerably smaller cross-section than the 
45 cores themselves, whereby the cores will all 
form parts of complete magnetic circuits. 
When the coils on each set of magnets are 
connected in multiple circuits or branohes 
from a source of alternating currents, electro- 
50 motive forces are set up in or impressed upon 
each circuit simultaneously; but the coils on 


the magnetically bridged or shunted cores 
will have, by reason of the closed magnetic 
circuits, a high self-induction, which retards 
the current, permitting at the beginning of 55 
each impulse but little current to pass. On 
the other hand, no such opposition being en- 
countered in the other Bet of coils, the cur- 
rent passes freely through them, magnetizing 
the poles on which they are wound. As soon, 60 
however, as the laminated bridges become 
saturated and incapable of carrying all .the 
lines of force, which the rising electro-motive 
force, and consequently increased current, 
produce, free poles are developed at the ends 65 
of the cores, which, acting in conjunction with 
the others, produce rotation of the armature. 

The construction in detail by which this 
invention is illustrated is shown in the accom- 
panying drawings. 70 

Figure 1 is a view in side elevation of a mo- 
tor embodying the invention. Fig. 2 is a ver- 
tical cross-section of the same. 

A is the frame of the motor, which is prefer- 
ably built up of sheets of iron punched out 75 
to the desired shape and bolted together with 
insulation of a proper character between the 
sheets. When complete, the frame makes a 
field-magnet with inwardly-projecting pole- 
pieces B and C. To adapt them to the re- 80 
quirementsof this particular case these pole- 
pieces are out of line with one another, those 
marked B surrounding one end of the arma- 
ture and the others, as C, the opposite end, 
and they are disposal alternately — that is to 85. 
say, the pole-pieces of one set ooour in line 
with the spaces between those of the other sets. 

The armature D is of cylindrical form, and 
is also laminated in the usua! way and is 
wound longitudinally with coils closed upon 90 
themselves. The pole-pieces C are connected 
or shunted by bridge-pieces E. These may 
be made independently and attached to the 
pole-pieces, or they may be parts of the forms 
or blanks stamped or punched out of sheet- 95 
iron. Their size or mass is determined by 
various conditions, such as the strength of 
the current to be employed, the mass or size 
of the cores to which they are appplied, and 
other well-understood conditions. 100 

Coils F surround the pole-pieces 1 $, and 
other coils G are wound on the pole-pieces C. 
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These coils are mmiuiiad in sense in two 
circuits! which are brashes u£ a circuit from a 
gaentiir.iii UKUBixflnirnnos and. they 
my be so wound, or the respective circuits 
5 in which tl^ are rariiaded may beso arranged, 
that the circuit of coife G will have inde- 
pendently of the fmKtumlatwQaenuxwa bere- 
in d o seribed a higher self-imluccioaL than the 
other circuit or branch. 

10 The function of the shunto or bridge* K i* 
that they shall form with the cores C a closed 
wag-i^* circuit fora current up to a prede- 
tnined strength, so that when saturated by 
mh current and unable to carry more lines 
iS of force than such a current produces they 
wQl to no further appreciable extent inter- 
fere with the development by a stronger cur- 
rant of free magnetic poles at the ends of the 
cores C. 

o In such n motor the current is so retarded 
in the eoOa G and the manifestation of the 
free magnetism in the poles C is delayed be- 
yond the period of maximum magnetic effect 
in poles B that a strong torque is produced 
>5 son the motor operates with approximately 
the power developed in a motor of this kind 
energised by independently-generated cur- 
rent? differing by a full-quarter phase. 

Whatl claim in this application is — 
jo 1. In an alternating-current motor having 
too sets or series of pole-pieces, the combi- 
nation, with one of such sets or series, of mag- 


netic shunts or bridges connecting iheu free 
suds, ss herein sec forth. 

d. In an alteruahug-cu i ron i motor hating 
two sets or series of pole-piooos ouurgucU b> 
coils in iudependeui circuits from rho same 
source, the combination, with oue oi ihu »eu» 
or series of pole-pieces, of inagueuc si nun* or 
bridges connecting their free cuds, .is do- +o 
scribed. 

3. lu an alternating -current motor having 
a laminated or subdivided tield-muguoc pro- 
vided with two sets or series of cores or polo- 
pieces, the combination, with such pole-pieces, 45 
of energising-coils connected, respectively, in 
two circuits derived from tike same source of 
alternating currents and laminated or sub- 
divided ironshuuts or bridges of smaller crons- 
section than the pole-pieces and jo* mug the v- 
free ends of all the cores or pole- pieces of one 
set to form closed magnetic circuits, as soi 
forth. 

4. In aiiaUernatiug-curreiiL motor, the com 
bination, with a set or series of field-polos >> 
and energizing-coils wound thereon, of an in 
termediate set of pole-pieces forming port ions 

of closed magnetic circuits aud coils thoroon 
in a circuit derived from the same source of 
alternating currents as the other, as set forth oo 
NIKOLA TK8LA. 

Witnesses: 

Robt. V . Gaylord, 

Parker W. Page. 
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To all whom it mu,y concern ; 

Be it known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of Austria- 
5 Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Electrical 
Transformers or Induction Devices, of which 
the following is a specification, reference be- 
io ing had to the drawings accompanying and 
forming a part of the same. 

This invention is an improvement in elec- 
trical transformers or converters, and has for 
itB main objects the provision of means for se- 
15 curing, first, a phase difference between the 
primary and secondary currents adapted to 
the operation of my alternating-current mo- 
tors and other like purposes, and, second, a 
constant current for all loads imposed upon 
*0 the secondary. 

In transformers as constructed now and 
heretofore it will be found that the electro- 
motive force of the secondary very nearly co- 
incides with that of the primary, being, how- 
<5 ever, of opposite sign. At the same time the 
currents, both primary and secondary, lag be- 
hind* their respective electro-motive forces; 
but as this lag is practically or nearly the 
same in the case of each it follows that the 
30 maximum and minimum of the primary and 
secondary currents will nearly coincide, but 
differ in sign or direction, provided the sec- 
ondary be not loaded or if it contain devices 
having the property of self-induction. On 
35 the other hand, the lag of the primary behind 
the impressed electro-motive force may be di- 
minished by loading the secondary with a non- 
inductive or dead resistance — such as incan- 
descent lamps— whereby the time interval be- 
40 tween the maximum or the minimum periods 
of the primary and secondary currents is in- 
creased. This time interval, however, is lim- 
ited, and the results obtained by phase dif- 
ference in the operation of such devices as 
45 my alternating-current motors can only be 
approximately realised by Buch means of pro- 
ducing or securing this difference, as above 
indicated, for it is desirable in such cases that 
there should exist between the primary and 
50 secondary currents, or those which, however 


produced, paas through the two circuits of the 
motor, a difference of phase of ninety de- 
grees; or, in other words, the current in one 
circuit should be maximum when that in the 
other circuit is minimum. To more perfectly 55 
Attain to this condition I obtain or secure an 
increased retardation of the secondary cur- 
rent in the following manner: Instead of bring- 
ing the primary and secondary coils or cir- 
cuits of a transformer into the closest poesi- 60 
ble relations, as hA8 hitherto been done, I pro- 
tect in a measure the secondary from the in- 
dnetive action or effect of the primary by sur- 
rounding either the primary or the secondary 
with a comparatively-thin magnetic shield or 65 
screen. Under these conditions or circum- 
stances, as long as the primary current has a 
small value, the shield protects the secondary; 
but as soon as the primary current has reached 
a certain strength, which is arbitrarily deter- 70 
mined, theprotectingmagneticshieldbecomes 
saturated and the inductive action upon the 
secondary begins. It results, therefore, that the 
secondary current begins to flow at a certain 
fraction of a period later than It would without 75 
the interposed shield, and since this retarda- 
tion may be obtained without necessarily re- 
tarding the primary current also, an addi- 
tional lag is secured, and the time interval be- 
tween the maximum or minimum periods of 80 
the primarv and secondary currents is in- 
creased. I have further discovered that such 
a transformer may, by properly proportion- 
ing its several elements find determining in 
a manner well understood the proper relations 85 
between the primary and secondary windings, 
the thickness of the magnetic shield, and other 
conditions, be constructed to yield a constant 
onrrent at all loads. No precise rules can be 
given for the specific construction and pro- 90 
portions for securing the best resalts, as this 
is a matter determined by experiment and 
calculation in partionlAr cases; bat the gen- 
eral plan of construction which I have de- 
scribed will be found under all conditions to 95 
conduce to the attainment of this result 

In the accompanying drawings I have illus- 
trated the construction above set forth. 

Figure 1 is a cross-section of a transformer 
embodying my improvement Fig. 2 isasimi- xoo 




105 


t 488,709 


tar view of a modified form of transformer, 
showing diagram mat ically the manner of 
wring the same. 

A A is the main core of the transformer, 
5 composed of a ring of soft annealed and insu- 
lated or oxidized iron wire. Upon this core 
is wound the secondary circuit or coil B B. 
This latter is then covered with a layer or 
layers of annealed and insulated iron wires 
io C C, wound in a direction at right angles to 
said secondary coil. Over the whole is then 
wound the primary coil or wire D D. From 
the nature of this construction it will soon 
be obvious that as long as the shield formed 
15 by the wires C is below magnetic saturation 
the secondary coil or circuit is effectually pro- 
tected or shielded from the inductive influ- 
ence of the primary, although I would state 
that on open circuit it may exhibit someelec- 
to tro-motive force. When the strength of the 
primary reaches a certain value, the shield C, 
becoming saturated, ceases to protect the sec- 
ondary from inductive action, and current is 
in consequence developed therein. For simi- 
25 lar reasons, when the primary current weak- 
ens, the weakening of the secondary is re- 
tarded to the same or approximately the same 
extent 

The specific construction of the transformer 
30 is largely immaterial. In Fig. 2, for exatn- 

} >le, the core A is built up of thin insulated 
ron plates or disks. The primary circuit D 
is wound next the core A. Over this is ap- 
plied the shield C, which in this case is made 
35 up of thin strips or plates of iron properly 
insulated and surrounding the primary, form- 
ing a closed magnetic circuit The secon- 
dary B is wound over the shield C. In Fig. 
2, also, E is a source of alternating or rapidly 
40 changing currents. The primary of the trans- 
former is connected with the circuit of the 
generator. 

F is a two-circuit alternating-current mo- 


tor, one of the circuits being connected with 
the main circuit from the source E, and the js 
other being supplied with currents from the 
secondary of the transformer. 

Having now described my invention, what 
I claim is — 

1. In an electrical transformer or induction 50 

device, the combination, with the main mag- 
netic core and the primary and secondary 
coils or circuits, of a magnetic shield or screen 
interposed between said coils, as herein set 
forth. 55 ■ 

2. In an electrical transformer or inductive 
device, the combination, with the magnetic 
core and the primary and secondary coils or 
circuits, of a magnetic shield or screen sur- 
rounding one of said coils only, as set forth. 60 

3. In an electrical transformer or induction 
device, the combination, with the magnetic 
core and the primary and secondary coils 
wound thereon, of a magnetic shield or screen 
wound on or built up around one only of said 65 
coils, as described. 

4. In an electrical transformer or induction 
device, the combination, with a main lami- 
nated magnetic core and primary and second- * 
ary coils thereon, of a subdivided or lami- 70 
nated magnetic shield or screen interposed 
between the coils, as set forth. 

5. In an electrical transformer, the combi- 
nation, with a magnetic core and primary 
and secondary coils wound thereon, of a mag- 75 
netic shield or screen interposed between 
said coils and surrounding one of them and 
adapted to be or capable of being magnetic- 
ally saturated by a predetermined cm rent 
strength below the maximum in the primary, 80 . 
as set forth. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Parker W. Page. 
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To all whom it may concern: 

Be it known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria-Hungary, from 
Smiljan, Lika, border country of AustHa- 
5 Hungary, residing at New York, in the county 
and State of New York, have invented certain 
new and useful Improvements in Electro-Mag- 
netic Motors, of which the following is a specifi- 
cation, reference being had to the drawings ac- 
io companying and forming a part of the same. 

This invention is an improvement in alter- 
nating-current motors, and has for its general 
object to produce a single-circuit al ternating- 
current torque-motor of economical and sim- 
15 pie construction. 

The nature of the invention will be under- 
stood from the following statement. 

It is well known that if a magnetic core, even 
if laminated or subdivided, be wound with an 
20 insulated coil and a current of electricity di- 
rected through the coil the magnetization of 
the entire core does not immediately ensue, 
the magnetizing effect not being exhibited in 
all parts simultaneously. This I attribute to 
25 the fact that the action of the current is to 
energize first those lamina or parts of the 
core nearest the surface and adjacent to the 
exciting-coil, and from thenoe the action pro- 
gresses toward the interior. A certain inter- 
30 vai of time therefore elapses between the 
manifestation of magnetism in the external 
and the internal sections or layers of the core. 
If the core be thin or of small mass, this effect 
may be inappreciable; but in the case of a 
35 thick core, or even of a comparatively thin 
one, if the number of alternation or rate of 
change of the current strength be very 
great the time interval occurring bet weeu the 
manifestations of magnetism in the interior 
40 of the core and in those parts adjacent to the 
coil is more marked, and in the construction 
of such app^atus as motors which are de- 
signed to be run by alternatingor equivalent 
currents — such as pulsating or undulating 
45 currents generally— I have found it desirable 
and even necessary to give due consideration 
to this phenomenon and to make special pro- 
visions in order to obviate its consequences. 
The specific object of my present invention is 
50 to take advantage of thisactiou or effect^ and 
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by rendering it more pronounced to utilize it 
in the operation of motors in general. This 
object I attain by constructing a field-magnet 
in which the parts of the core or cores that 
exhibit at different intervals of time the mag- 55 
netic effect imparted to them by alternating 
or equivalent currents in an energizing con 
or coils are so placed with relation to a rotat- 
ing armature as to exert thereon their attract- 
ive effect successively in the order of their 60 
magnetization. By this means I secure a 
similar result to that which I have heretofore 
attained in other forms or types of motor in 
which by means of one or more alternating 
currents I have produced a rotation or pro- 65 
gression of the magnetic poles or points of 
maximum attraction of the field of force. 

In the drawings I have shown asimpleform 
of motor, which will serve to demonstrate the 
principle of the mode of operation, which I 70 
have above described in general terms. 

Figure 1 is a side elevation of such motor. 

Fig. 2 is a side elevation of a more practica- 
ble and efficient embodiment of the inven- 
tion. Fig. 3 is a central vertical section of 75 
the same in the plane of the axis, of rotation. 

Referring to Fig. 1 , let X represent a large 
iron core, which may be composed of a num- 
ber of sheets or lamina of soft iron or steel. 
Surrounding this core is a coil Y, which is 80 
connected with a source E of rapidly- varying 
currents. Let us consider now' the magnetic 
conditions existing in this core at any point, 
as b, at oil near tne center, and any other 
point, as a, nearer the surface. When a our- 85 
rent-impulse is started in the magnetizing- 
coil Y, the section or part at a, being close to 
the coil, is immediately energized, while the 
section or part at b, w’hich, to use a conven- 
ient expression, is “protected” by the inter- 90 
vening sections or layers between a and b, 
does not at once exhibit ,ts magnetism. How- 
ever, as the magnetization of a increases, b 
becomes also Affected, reaching finally its 
maximum strength some time later than a. 95 
Upon the weakening of the current the mag- 
netization of a first diminishes, while b still 
exhibits its maximum strength; but the con- 
tinued weakening of a is attended by a sub- 
sequent weakening of b. Assuming the cur- 100 
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rent to be an alternating one, a will now be 
reversed, while 6 still continues of the first-im- 
parted polarity. This action continues the 
magnetic condition of b, following that of a in 
5 the manner above described. If an arma- 
ture — for instance, a simple disk F, mounted 
to rotate freely on an axis— be brought into 
proximity to the core, a movement of rota- 
tion will be imparted to the disk, the direc- 
xo tion depending upon its position relatively to 
the core, the tendency being to turn the por- 
tion of the disk nearest to the core from a to 
2>,as indicated in Fig. 1. This action or prin- 
ciple of operation I have embodied in a prac- 
15 ticable form of motor, which is illustrated in 
Fig. 2. Let A in said figure represent a cir- 
cular frame of iron, from diametrically-oppo- 
site points of the interior of which the cores 
project Each core is composed of th ree main 
20 parts B, B, and C, and they are similarly 
formed with a straight portion or body e } 
around which the energizing-coil is wound, a 
carved arm or extension c, and an inwardly- 
projecting pole or end d. Each core is made 
25 up of two parts B B, with their polar exten- 
sions reaching in one direction and a part C 
between the other two and with its polar ex- 
tension reading in the opposite direction. 
In order to lessen in the cores the circulation 
30 of currents induced therein, the several sec- 
tions are insulated from one another in the 
manner usually followed i n such cases. These 
cores are wound with coils D, which are con- 
nected in the same circuit, either in parallel 
35 or series, and supplied with an alternating or 
a pulsating current, preferably the former, by 
a generator E, represented diagram mat ically. 
Between the cores or their polar extensions is 
mounted a cylindrical or similar armature 
40 F, wound with maguetizing-coils 6, that are 
closed upon themselves, as is usual in motors 
of this general class. 

* The operation* of this motor is as follows: 
When a current impulse or alternation is di- 
45 rected through the coils D, the sections B B 
of the cores, being on the surface and in close 
proximity to the coils, are immediately ener- 
gized. The sections C, on the other hand, are 
protected from the magnetizing influence of 
50 the coil by the interposed layers of iron B B. 
As the magnetism of B B increases, however, 
the sectious C are also energized ; but they do 
not attain their maximum strength until a 
certain time subsequent to the exhibition by 
55 the sections B B of their maximum. Upon 
the weakening of the current the magnetic 
strength of B B first diminishes, while the 
sectionsC have still their maximum strength ; 
but as B B continue to weaken the interior 


sections are similarly weakened. B B may 60 
then begin to exhibit an opposite polarity, 
which is followed later by a similar change 
on C, and this action continues. B B and C 
may therefore be considered as separate field- 
magnets, being extended so as to act on the 65 
armature in the most efficient positions, and 
the effect is similar to that in my other forms 
of motor — viz., a rotation or progression of 
the maximum points of the field of force. Any 
armature — such, for instance, as a disk — 70 
mounted in this field would rotate from the 
pole first to exhibit its magnetism to that 
which exhibits it later. 

It is evident that the principle herein de- 
scribed may be carried out in conjunction 75 
with other means, such as I have elsewhere 
set forth, for securing a more favorable or 
efficient action of the motor. For example, 
the polar extensions of the sections C may be 
wound or surrounded by closed coils L,asin- 80 
dicated by dotted lines in Fig. 2. The effect 
of these coils will be to still more effectively 
retard the magnetization of the polar exten- 
sions of C. 

I do uot wish to be understood as limiting 85 
myself to any particular construction of this 
form of motor, as the same principle of action 
or operation may be carried out in a great 
variety of forms. 

What I claim is — 90 

1. In an alternating -current motor, the 
combination, with an energizing-coil and’ a 
core composed of two parts, one protected 
from magnetization by the other interposed 
between it and the coil, of an armature 95 
mounted with the influence of the fields of 
force produced by said parts, as sot forth. 

2. The combination, in an alternating-cur- 

rent motor, of a rotating armature, a field- 
magnet composed of a eoil and a core with 100 
two sections" in proximity to the coil and an 
inner section bet^aen the same, the sections 
being formed or provided with polar projec- 
tions extending in opposite directions over or 
around the armature, as set forth. 105 

3. The combination, in an alternating-cur- 
rent motor, of a rotating armature, a frame 
and field-magnets thereon, each composed of 
an energizing-coil wound around a core made 

up of outer and inner or protected magnetic no 
sections, each of which is formed or provided 
with independent laterally - extended pole 
pieces or projections, as herein described. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Parker W. Page. 
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To all whom it may concern: 

Be it known that I, Nikola Tesla, a sub- 
ject of the Kinperor of Austria-Hungary, from 
Smiljan, Lika, border country of Anstria-IIun- 
5 g*i*y, residing at New York, in the county and 
State of New York, have invented certain new 
and useful Improvements in Kloctro-Magnetic 
Motors, of which the following is a specifica- 
tion, reference being had to the drawings ac- 
to companying and forming a part of the same. 

Among the various forms of alternating- 
current motors invented by me is one which 
I have described in other applications, and 
which is constructed as follows: I build a field- 
15 core with, say, four poles, between which is 
mounted an armature that is generally wound 
with closed coils. On two of the opposite 
poles of the field I wind primary coils, which 
are connected up in the main circuit On the 
10 same cores I also wind secondary coils, which 
are closed through coils on the other pair or 
set of poles. In this motor when an alternat- 
ing current i j caused to pass through the pri- 
mary coils it energizes directly one set of 
25 poles and induces currents in. the secondary 
coils, which act to energize the other poles; 
lmt the phases of the current in the second- 
ary coils may differ in time from those of the 
primary cn'rreut, and hence a rotation or shift- 
30 ing of the poles is effected that imparts rota- 
tion to the motor. 

These motors may be constructed in many 
other ways; bnt for purposes of this case it is 
only necessary to consider the specific 'form 
35- which I have thus generally described, as my 
improvements relate mainly to sneh form. 

The object of my present invention is to 
render this form of motor more efficient and 
to improve its action or mode of operation. 

40 In the motors- constructed in accordance 
with this principle I bring two energizing- 
circuits into inductive relation in the motor 
itself — that is. to say, the secondary currents 
which energize one set of the field-cores are 
45 induced in the motor itself, and the employ- 
ment of an external induction device is thus 
avoided. The operation of these motors, how- 
ever, is dependent upon the existence of a 
certain difference of phase between the cur- 
50 rents in the primary and secondary coils. To. 
obtain a difference* of phase or lag that is 
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suited to working conditions is the specific 
object of my present invention. 

The following explanations will serve to 
illustrate the principle upon which said in- 55 
vention is based. Let it be assumed that an 
ordinary alternating-current generator Is con- 
nected up in a circuit of practically no self- 
induction, such, for example, as a circuit con- 
taining incandescent lamps only. On the op- 66 
oration of the machine alternating currents 
will be developed in the circuit, and the phases 
of these currents will theoretically coincide 
with the phases of the impressed electro-mo- 
tive force. Snch currents may be regarded 65 
and designated as the “ tin retarded currents.” 

It will be understood, of course, that in 
practice there is always more or less self-in- 
dnetion in the circuit, which modifies to a cor- 
responding extent these conditions; but for 70 
convenience this may be disregarded in the 
consideration of the principle of operation, 
since tho same laws apply. Assume next 
that a path of currents be formed across any 
two points of the above circuit* consisting, 75 
for example, of the primary of an induction 
device. The phases of the currents passing 
through the primary, owing to the self-in- 
duction of the same, will not. coincide with 
the phases of the impressed electro-motive 80 
force, but will log behind the samej such lag 
being directly proportional to the self-induc- 
tion and inversely proportional to the resist- 
ance of the said coil. The insertion of this 
coil will also cause a lagging or retardation 85 
of the currents traversing and delivered by 
the generator behind the impressed electro- 
motive force, such lag being tho mean or re- 
sultant of tho lag of tho current through the 
primary alone and that of what I have des- 90 
ignated the “ unretarded current ” in the 
entire working -circuit. Next consider the 
conditions imposed by the association \n in- 
ductive relation with the primary coil of a 
secondary coil. The current generated in the 95 
secondary coil will react upon the primary 
current* modifying the retardation of the 
same, according to the amount of self-induc- 
tion and resistance in the secondary circuit. 

If the secondary circuit have but little self- too 
induction— as, 'for instance, when it contains 
incandescent lamps only— it will increase the 
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To all wham it may concern: 

Be it known that I. Nikola Tesla, a sul>- 
jeet of the Emperor of A usiria. from Smiljau. 
Lika, Ixmler conn try of Austria-Hungary, ami 
5 residing at New York, in t he county a ml State 
of New York, have invented certain new and 
useful Improvements in Electro-Magnetic Mo- 
tors. of which the following is a specification, 
reference being had to the accompanying 
to drawings. 

The subject oi my present invention is an 
improvement primarily designed for applica- 
tion to alternating -current motors of the 
special type invented by me, and of which the 
>5 operation is dne to the action of alternating 
currents differing in phase and directed 
through or developed in independent ener- 
gizing-circuits in the motor, and causing a 
shifting or rotation of the magnetic poles or 
20 their resultant attractive forces upon the ro- 
tating element or armature. 

My improvements are based upon certain 
laws governing the action or effects produced 
by a condenser whon connected to an electric 
*5 circuit through which an alternating or in gen- 
eral an undulating current is made to pass. 
Some of these effects, and those most important 
inconnection with mv invention, are asfollows: 
First, if the terminals or plates of a condenser 
3 ° be connected with two points of a circuit, the 
potentials of which are made to rise and fall 
in rapid succession, the condenser allows the 
passage or, more strictly speaking, the trans- 
ferrence of a current, although its plates or 
35 armatures may be so carefully insulated as to 
prevent almost completely the passage of a 
current of unvarying^ strength or direction 
and of moderate electro-motive force; second, 
if a circuit the terminals of which are con- 
a° nocted with the plates of the condenser pos- 
sess a certain self-induction, the condenser 
will overcome or counteract to a greater or 
less degree, dependent upon well-understood 
conditions, the effects of such sol r ■«' 
third, if two points »>? ■. : 

circuit tli nm.'’ :\i 

failing «<(.:• 
by a *>■ 


i nd ap- 
r notion 


and operation of mv motors. as by producing 
a difference in phase in the two energizing- 
circuits of an alternating- cur rent motor by 55 
connecting the two circuits in derivation ami 
connecting up a condenser in series in one of 
the circuits: but such applications seem to In* 
obvious to one familiar with my motors ami 
the facts above enumerated ca 

My present improvements, however, possess 
certain novel feat 11 res of practical value and 
involve a knowledge, of facts less generally 
known. These improvements comprise the 
use of a condenser or condensers in cornice- 05 
tion with the induced or armature circuit of 
a motor and certain details of the construc- 
tion of such motors. In an alternating-cur- 
rent motor of the type to which l have par- 
ticularly referred above, or in any other which 70 
has an armature coil or circuit closed upon 
itself, the latter represents not only au in- 
ductive resistance, but one which is periodi- 
cally varying in value, both of which facts 
complicate and render difficult the attainment 
of the conditions best suited to the most effi 
cient working of the motors. The most effi- 
cient working conditions, in other words, re- 
quire, first, that for a given inductive effect 
upon the armature there should be the great- So 
est possible current through the armature or 
induced coils, and, second, that there should 
always exist between the currents in the en- 
ergizing and the induced circuits a given re- 
lation of phase. Hence whatever tends to 85 
decrease the self-induction and increase the 
current in the induced circuits will, other 
things being equal, increase the output and 
efficiency of the motor, and the same will be 
true of causes that operate to maintain the c>o 
mutual attractive effect between the field - 
magnets and armature at its maximum. 1 
secure these results by connecting with the 
induced circuit orciivuitsa condenser, in the 
manner hereinafter described, and I also, <;.s 
with this purpose in view, const met the mo 
■r in a special manner. 

Referring to the drawings for a particular 
description of the invention, Eiuure 1 is a 
1 = w, • : : agrammatie, of nil alternating- 100 

riii’!' ■. -o which my present invention 

is a i'ig. - is a central section, in line 

\vi! ^Iiaft.of a Rpocial form of annatnre- 
i. iapled to the invention, l ig. i is a 
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simitar section of a modification of the same. 
Fig. 4 is one of the sections of the core de- 
tached. Fig. 5 is a diagram showing a modi- 
fied disposition of armature or induced cir- 

5 eoita. 

The general plan of the invention is illus- 
trated in Fig. 1. A A in this figure repre- 
sent the frame aud field- magnets of an alter- 
nating-current motor, the poles or projections 
to of which are wound with coils B aud C, form- 
ing independent energizing-circuits connect- 
ed either to the same or to independen t sou rces 
of alternating currents, as is now well under- 
stood, so that the currents flowing-through 
15 the circuits, respectively, will have a differ- 
ence of phase. Within the influence of this 
field is an armature- core D, wound with coils 
E. In my motors of this description hereto- 
fore these coils have been closed upon them- 
>0 selves, or connected in a closed series; bnt in 
the present case each coil or the connected 
series of coils terminates in the opposite 
plates of a condenser F. For this purpose 
the ends of thei series of coils are brought out 
*5 through tlie shaft to colleoting-rings G, which 
are connected to the condenser by oontact- 
brnshes H and suitable conductors, the con- 
denser being independent of the machine. 
The armature-coils are wound or connected 
30 in such manner that adjacent coils prodnoe 
opposite poles.. 

The action of this motor and the effect of 
the plan followed in its construction are as 
follows: The motor being started in opera- 
35 tion and the coils of the field-magnets being 
traversed by alternating currents, currents 
are induced in the armature-coils by one set 
of field-coils, as B, and the poles thus estab- 
lished are acted upon by tbe other set, as C. 
40 The armature -coils, however, have necessa- 
rily a high self-induction, which opposes the 
flow of the currents thus set up. The con- 
denser F -not only permits the passage or tians- 
ferrence of these currents, but also counter- 
45 acts the effects of self-induction, and -by a 
proper adjustment of the capacity of the con- 
denser, the self-induction of the coils, and the 
periods of the carrents the condenser may 
be made to overcome entirely the effect, of 
50 the self-induction. 

It is preferable on account of the undesir- 
ability of using sliding contacts of All kinds 
to associate the condenser with the armature 
directly, or make it a part of the armature. 
55 In some cases I build up the armature of an- 
nular plates K K, held by bolts L between 
heads M, which are secured to the driving- 
shaft, and in tbe hollow space thus formed I 
place a condenser F, generally by winding tbe 
60 two insulated plates thereof spirally around 
the shaft. In other cases I utilize the plates 
of the core itself as the plates of the con- 
denser. For exnmple, in FigB. 3 and 4, N is 
the driving-shaft, M M are the heads of the 
65 anratnre-eore, and K K' the iron plates of 
which the oore is built up. These plates are 
insulated from the shaft and from one another, 


and are held together by rods Or bolts L. The 
twits pass through a large hole in one plate 
and a small hole in the one next adjacent, 70 
and soon, connecting electrically all of plates 
K, os one armature of a condenser, and all of 
plates K ' m the other. 

To either of the condensers above described 
the armature-coils may be connected, as ex- 75 
plained by reference to Fig. 1 . 

In motors in which the armature-coils are 
dosed upon themselves— as, for example, in 
any form of alternating -current motor in 
which one armature coil or set of coils is in 80 
the position of maximum induction with re- 
spect to the field coils or poles, while the other 
is in the position of minimum induction — the 
coils are preferably connected in one series, 
and two points of the circuit thus formed are 85 
bridged by a condenser. This is illustrated 
in Fig. 5 , in which E represents one set 
of armature -xsoils and E' the other. Their 
points of union are joined through a con- 
denser F. It will be observed lhAt in this 90 
disposition the self-induction of the two 
branches E and E' varies with their position 
relatively to the field -magnet, and that each 
branch isaltematelythepredominatingsonr^e 
of the induced current. Hence the effect of 95 
the condenser F is twofold . First, it increases 
the current in eaeh .of the branches alter- 
nately, and, secondly, it alters the phrase of 
the currents in the branches, this being the 
well-known effect which results from such a 100 
disposition of a condenser with a circuit, as 
above described. This effect is favorable to 
the proper working of the motor, because it 
increases the flow of current in the armature- 
circuits due to a given inductive effect, and 105 
also because it brings more nearly into coin- 
cidence the maximum magnetic effects of the 
ooacting field and armature-poles. 

It will be understood, of course, thAt the 
causes that contribute to the efficiency of con- 1 10 
densers when applied to such uses as above 
must be given due consideration in determin- 
ing the practicability and efficiency of the 
motors. Chief among these is, as is well 
known, the periodicity of the current, and 1 15 
hence the improvements which I have here- 
in described are more particularly adapted to 
systems in which a very high rate of alterna- 
tion or change. is maintained. 

Although this invention haabeen illustrated 1 20 
herein in connection with a special form of 
motor, it will be understood that it is equally 
applicable to any other alternating-current 
motor in which ’ there is a closed armature- 
coil wherein the currents are induced by the 125 
action of the field, and, furthermore, I would 
state that the feature of utilizing the plates 
or sections of a magnetic core for forming tbe 
condenser, I regard as applicable, generally, 
to other kinds of alternating-current appa- 130 
ratus. 

Having now described my invention, what 
I claim is— 

1 . Iu an Alternating-current motor, the 00m- 
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bination, with the field-magnets and energiz- 
ing-circuit, of an armature-circuit and a core 
adapted to be energized by currents induced 
in its circuit by the cnrrenls in the fleld-cir- 
5 cuit, and a condenser connected with the arma- 
ture-circuit only, as set forth. 

2. In an alternating-current motor, thecom- 
bination, with armature-coils in inductive re- 
lation to the field and connected in a closed 
io circuit, of a condenser bridging said circuit, 
as set forth. 

3 / In an alternating-current motor, the com- 
bination, with an armature and two energiz- 
ing-circuits formed by coils wound thereon in 
15 different inductive relations to the field and 
joined in a continuous or closed series, of a 
condenser the plates of which are connected, 
respectively, to the junctions of the circuits 
or coils, as set forth. 

20 l . In an alternating-current motor, the corn- 
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bination, with the induced energizing coil or 
coils of the armature, of a condenser con- 
nected therewith and made a part of the ar- 
mature or rotating element of the motor. 

5 . In au alternating-current motor, the com- 25 
bination, with an armature-core composed of 
insulated con ducting- plates alternately con- 
nected to form a condenser, of an induced en- 
ergizing coil or coils wound thereon and con- 
nected to the plates or armatures of the said 30 
condenser. 

G. A magnetic core for alternating-current 
apparatus, composed of plates or sections in- 
sulated from each other and alternately con- 
nected to form the two parts or armatures of 35 
a condenser. 

NIKOLA TESLA. 

Witnesses: 

Parker W. Page, 

Frank 15. Murphy. 
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To all wham, it may concern,: 

Be it known that I, Nikola Tesla, a sub- 
ject of the Emperor of Austria, from Smiljan, 
L i ka , border coon try of Austria-]! nngary, re- 
5 siding at New York, in the county and State 
of New York, have invented certain new and 
useful Improvements in Electro*- Magnetic 
Motors, of which the following is a specifica- 
tion, reference being had to the drawings ae- 
ro eorapanying and forming a part of the same. 

As is well known, certain forms of alternat- 
ing-current machines have the property, when 
connected in circuit with an alter nating-cur- 
renfc generator, of running as a motor in syn- 
15 ehronism therewith ; but while the alternating 
current will ran the motor after it lias at- 
tained a rate of speed synchronous with that 
of the generator it will not start it. Hence in 
all instances heretofore when these “synchro- 
20 nixing motors,” as they are termed, have been 
run, some means have been adopted to bring 
the motors np to synchronism with the gen- 
erator, or approximately so, before the alter- 
nating current of the generator is applied to 
25 drive them. 

In an application hied February IS, 1880 , 
Serial No. 300 , 220, 1 have shown and described 
an improved system of operating this class 
of motors, which consists, broadly, in wind- 
30 ing or arranging the motor in such manner 
that by means of suitable switches it could 
be started as a multiple-circuit motor, or one 
operating by a progression of its magnetic 
poles, and then, when up to speed, or nearly 
35 so, converted into an ordinary synchronizing 
motor, or one in which the magnetic poles 
were simply alternated. I11 some cases, as 
when a large motor is used and when the 
number of alternations is very high, there is 
40 more or less difficulty Jin .bringing the motor 
'tp speed as a doable or multiple-circuit mo- 
tor, for the plan of construction which renders 
the motor best adapted 'to run as a synchro- 
nizing motor impairs its efficiency as a torque 
45 or double-circuit motor under the assumed 
conditions on the start. This will be readily 
understood, for in a large synchronizing mo- 
tor the length of the magnetic circuit of the po- 
lar projections and their mass Are so great that 
So apparently considerable time is required for 
magnetization and demagnetization. lienee 


with a current of a very high number of al- 
ternations the motor may not respond prop- 
erly. To avoid this objection and to start up 
a synchronizing motor in which these comli- 55 
tions obtain is the object of my present in- 
vention. I have therefore combined two mo- 
tors, one a synchronizing motor, the other a 
multiple-circuit or torque motor, and by the 
latter I bring the first named up to speed, 60 
and then either throw the whole current into 
the synchronizing motor or operate jointly 
both of the motors. 

This invention involves several novel and 
useful features. It will be observed, in the 65 
first place, that both motors are run without 
commutators of any kind, and, secondly, that 
the speed of the torque motor may be higher 
than that of the synchronizing motor, as will 
be the case when it ecu tains a fewer number 70 
of poles or sets of poles, so that the motor will 
be more readily and easily brought up to speed. 
Thirdly, the synchronizing motor may be con- 
structed so as to have a much mo re pronounced 
tendency to synchronism without lessening 75 
the facility with which it is started. 

In the drawings I have illustrated the in- 
vention. 

Figure 1 is a part sectional view of the two 
motors; Fig 2, an end view of the synchroniz- 80 
ing motor; Fig. 3 , an end view and part sec- 
tion of the torque or double-circuit motor; 

Fig. 4 , a diagram of the circuit connections 
employed; and Figs. 5 , G, 7 , 8, and 9 are dia- 
grams of modified dispositions of the two mo- 85 
tors. 

Inasmuch as neither motor is doing any 
work while the current is acting upon the 
other, I prefer to rigidly connect the two arma- 
tures. I therefore mount both upon the same 90 
shaft A, the field-magnets B of the synchro- 
nizing and C of the torque motor being secured 
to the same base D. The preferably larger 
synchronizing motor has polar projections on 
its armature, which rotate in very close prox- 95 
imity to the poles of the field, and in other 
respects it conforms to the conditions, now 
well understood, that are necessary to secure 
synchronous action. I prefer, however, to 
wind the pole-pieces of the armature with 10a 
closed coils E, as this obviates the employ- 
ment of sliding contacts. The smaller or 
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torque motor, on the other hand, has, prefer- 
ably, a cylindrical armature F, without polar 
project ions and wound with closed coils G, as 
I have described in my previous patents, 
5 notably No. 382,279, dated May J, 1888. The 
field-coils of the torque motor are connected 
up in two series II and I, and the alternating 
current from the generator is directed through 
or divided between these two circuits in any 
10 manuer to produce a progression of the poles 
or points of maximum magnetic effect. I 
secure this result in a convenient way by 
connecting the two motor-circuits in deriva- 
tion with the circuit from the generator, in- 
15 sorting in one motor-circuit a dead resist- 
ance and in the other a self-induction coil, by 
which means a difference in phase between 
the two divisions of the current is secured. 
If both motors have the same number of field- 
20 poles, the torque motor for a given number 
of alternations will tend to run at double the 
speed of the other, for, assuming the connec- 
tions to be such as to give the best results, its 
poles are divided into two series and the 
35 number of poles is virtually reduced one-half, 
which being acted upon by the same number 
of alternations tend to rotate the armature 
at twice the speed. By this means the main 
armature is more easily brdught to or above 
30 the required speed. When the speed neces- 
sary far synchronism- is imparted to the main 
motor, the current is shifted from the torque 
motor into the other. 

A convenient arrangement for carrying out 
35 this invention is shown in Fig. 4. In said 
figure J J are the field-coils of the sychroniz- 
ing, and H I the field-coils of the torque, mo- 
tor. L I/are the conductors of the main 
line. One end of, say, coils II is connected to 
40 wire L through a self-induction coil M. One 
end of the other set of coils I is connected to 
the same wire through a dead resistance N. 
The opposite ends of these two circuits arc 
Connected to the contact m of a switch the 
45 handle or lever of which is in connection with 
the line-wire I/. One end of the field-circuit 
of the synchronizing motor is connected to 
the wire L. The other terminates in theswiteh- 
contact From the diagram it will be read- 
50 ily seen that if the lever P bo turned onto 
contact m the torque motor will start by 
reason of the difference of phase between the 
currents in its two energizing-circuits. Then 
when the desired speed is attained if the Ie- 
55 verPbe shifted onto contact ;; the entire 
enrrent will pass through the field-coils of the 
synchronizing motor and the other will be 
doing no work. 

The torque motor may be constructed and 
60 operated in various ways, many of which I 
have described in other applications; but I do 
not deem it necessary in illustration of the 
principle of construction and mode of opera- 
tion of iny present invention to describe these 
65 further herein. It is not necessary that one 
motor be cut out of circuit while the other is 


in, for both may be acted upon by the cur- 
rent at the same time, and I have devised va- 
rious dispositions or arrangements of the two 
motors for accomplishing this. Some of these 70 
arrangements are illustrated in Figs. 5 to 9. 

Referring to Fig. 5, let T designate the 
torque or multiple-circuit motor and S the 
synch ronizing motor, L 1/ being the line-wires 
from a source of alternating enrrent. The 75 
two circuits of the torque motor of different 
degreed of self-induction, and designated by 
N M, are connected in* derivation to the wire 
L. They are then joined and connected to 
the energizing-circuit of the synchronizing 80 
motor, the opposite terminal of which is con- 
nected to wire L'. The two motors are thus 
in series. To start them I short-circnit the 
synchronizing motor by a switch P', throwing 
the whole current through the torque motor. 85 
Then when the depired speed is reached the 
switch P' is opened, so that the current passes 
through both motors. In such an arrange- 
ment as this it is obviously desirable for 
eqonomical and other reasons that a proper 90 
relation between the speeds of the two motors 
should be observed. 

In Fig. G another disposition is illustrated. 

S is the synchronizing motor and T the torque 
motor, the circuits of both being in parallel. 95 
W is a circuit also in derivation to the motor- 
circuits and containing a switch P". S' is a 
Bwitcli in the synchronizing-motor circuit. On 
the start the switch S' is opened, cutting out 
the motor S. Then P" is opened, throwing 100 
the entire current through the motor T, giv- 
ing it a very strong torque. When the de- 
sired speed is reached, switch S' is closed and 
the current divides between both motors. By 
means of switch P" both motors may be cut 105 
out. 

In Fig. 7 -the arrangement is substantially 
the same, except that a switch T' is placed in 
the circuit which includes the two circuits of 
the torque motor. 1 10 

Fig. 8 shows the two motors in series, with 
a shunt aronud both containing a switch S T. 
There is also a shunt around the synchroniz- 
ing motor S, with a switch P 7 . 

In Fig. 9 the same disposition is shown; 115 
but each motor is provided with a shunt, in 
which are switches P' and T", as shown. 

The manner of operating the systems will 
be understood from the foregoing descrip- 
tions. 120 

I do not claim herein the toraue motor nor 
any part thereof, except in so rar as they en r 
ter into the combination which forms the sub- 
ject of this application, for I have made the 
distinguishing features of said motor the sub- 1 25 
ject of other applications. 

What I now claim is — 

1. An alternating-current non-synchroniz- 
ing electric motor coupled with a synchroniz- 
ing alternating-current motor, substantially 130 
as set forth, whereby the former starts the 
latter and throws it into synchronism with 
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its actuati ng-curren t, and switch mechanism 
for directing the current through either or 
both of the motors, as set forth. 

2 . The combination of two motors the ar- 
5 matures of which are mounted upon the same 

shaft, one of said motors being an alternating- 
current torque motor, or one in which the 
magnetic points or poles are progressively 
shifted by the action of the energizing-cur- 
io rent, the other motor being an alternating- 
current synchronizing motor, and switch mech- 
anism for directing the current through either 
or both of said motors, as set forth. 

3. The combination, with an alternating- 
15 current synchronizing motor having one en- 
ergizing-field, of an alternating-current torque 
motor having a plurality of energizing-cir- 
cuits and adapted to be operated by currents 
differing in phase, and a switch for directing 

10 the alternating current or currents through 
the several circuits of one motor or the single 
circuit of the other, as and for the purpose 
set forth. 

4. The combination, with an alternating- 
•5 current motor having field-cores wound with 

coils adapted to be connected to a source of 
alternating currents and an armature wound 
with induced coils closed upon themselves, of 


a starting device for bringing said motor into 
synchronism with the generator with which 
itis connected. 

5. The combination, with an alternating- 
current motor composed of a multipolar al- 
ternating field-magnet, and an armature hav- 
ing poles wound with coils closed upon them- 
selves, of a starting device, as set forth. 

6 . In an alternating-current motor, the com- 
bination of a field-magnet having poles wound 
with coils adapted when connected with a 
source of alternating current to produce si- 
multaneously opposite magnetic polarities 
and an armature provided with poles or pro- 
jections and wound with coils connected in 
a continuously-closed unconnected circuit, as 
set forth. 

7. The herein-described method of operat- 
ing alternating-current motors, which consists 
in actuating a motor by an alternating cur- 
rent to bring a second alternating -current 
motor up to synchronizing speed relative to 
the actuating-current and then switching the 
synchronizing motor into circuit 

NIKOLA TESLA. 

Witnesses: 

George N. Monro, 

Edward T. Evans 
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rents. As the condenser capacity which is 
needed in any particular motor of this kind 
is dependent upon the rate of alternation or 
the potential, or both, its size or cost, as he- 
5 fore explained, may be brought, within eco- 
nomical limits for use with the ordinary cir- 
cuits if the potential of the secondary circa it 
in the motor be sufficiently high. By giving 
to the condenser proper values any desired 
io difference of phase between the primary and 
secondary energizing -circuits may be ob- 
tained. 

What I claim is — 

1. In an alternating-current motor provided 
15 with two or more energizing or field circuits, 
one of which is adapted for connection with 
a source of currents and the other or others 


in inductive relation thereto, the combination, 
with the secondary or induced circuit or cir- 
cuits, pf a condenser interposed in the same, 20 
as set forth. 

2. In an alternating-current motor, the com- 
bination of two energizing-circuits, one con- 
nected or adapted for connection with a source 
of alternating ourrents, the other constitute 25 
ing a high-potential secondary circuit in in- 
ductive relation to the first, and a condenser 
interposed in said secondary circuit, as set 
■forth. 

NIKOLA TESLA. 

Witnesses: 

Robt. F. Gaylord, 

Ernest Hopkinson. 






404,003 


rentB. Ae the condenser capacity which is : 
needed in any particular motor of this kind 
is dependent upon the rate of alternation or 
the potential, or both, ike size or coat, a* he- 
5 fore explained, may be brought within eoo- 
nnminal limite for use with the ordinary oir* 
unite if the potential of the secondary circuit » 
in tiie motor be sufficiently high. Jiv giving ■ 
to the condenser proper values any desired ; 
10 (Btfamia of phase between the primary and ; 
se c ondar y energizing- circuits may be ob- 
tained; 

What I claim is — 

L In an alternating-currant motor provided 
15 with two or more energizing or held circuits, : 
one of which is adapted for ouuneeGion with j 
a source of currents and the other or others i 


in inductive relation thereto,: he ouuiOiiuuiou, 
with theaeooudary or induced oti«vu»t #r ^1- 
cutUs-of aooudeuser interposed n no vt.uu 
as set forth. 

2 . In an alternating-current uoio». .11000,11 
bination of two euecgialng-circuitts o,»o ;ou 
nested or adapted for connection with a ^ou.co 
of alternating currents, the other vHm&i ant- 
ing a high-potential secondary oaoua n n 
ductive relation to the dret, and a joudeuec, 
interposed in said secondary ctrcna. t* m.v 
forth. 

NIKOLA » 

Witnesses: 

Kobt. F. GaYWIU), 

Khnkst Uqpsjnsok. 













